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Part I:

Transmission and Distribution Line Models
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Introduction1
2
3

This documentation describes the screens, key user variables, input parameters, and estimates4
for the Analytica models developed as part of the “Power Grid and Land Use Policy5
Analysis.”  The documentation follows the screen-shots of Analytica.  Part I of this6
documentation is for the models addressing transmission and distribution lines. Part II is for7
the home grounding models. The documentation can also be found in each Analytica model8
by clicking any node in the model and then clicking the question mark button at the top of the9
Analytica screen.10

11
The hardcopy of this documentation is for the “DR-A.ana” Analytica model only.  While the12
documentation is fairly generic and most of the materials apply to all models, some specific13
items will differ between models.  In particular, each model has a different structure and a14
different set of estimates for “Total Project Cost.”15

16
17
18
19
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1
2

M o d e l

L a n d  U s e  P o l i c y  A n a l y s i s

M o d u l e :  D i s t r i b u t i o n  L i n e  R e t r o f i t

C a s e :  4  m i l e s  o f  D E L T A  c o n n e c t e d  ( S c e n a r i o  A )

R e s u l t s

D e t a i l e d

Resu l ts
S e t t i n g s

Eq.  Cos t :  Ma jo r  Cr i te r ia C a l c

Th is  compute r  too l  ana lyzes  the  per fo rmance  o f  va r ious  op t ions  to  m i t i ga te  the  impac t  o f

 e lec t romagne t i c  f i e lds  (EMFs)  us ing  a  se t  o f  eva lua t ion  c r i t e r i a .   A  summary  o f  the

resu l t s  (e i the r  us ing  "equ iva len t  cos ts "  o r  exposure  da ta )  can  be  ob ta ined  by  c l i ck ing  on

one o f  the  th ree  resu l ts  bu t tons .   More  de ta i led  resu l ts  can  be  ob ta ined  by

doub le -c l i ck ing  on  the  "De ta i l ed  Resu l t s "  bu t ton .   Var ious  de fau l t  se t t i ngs  can  be

changed  by  doub le -c l i ck ing  on  the  "Se t t i ngs "  bu t ton .   The  ac tua l  mode l  can  be

accessed  by  doub le - c l i c k i ng  on  t he  "Mode l "  bu t t on .

Average  Exposure C a l c

Rela t i ve  Exposure  Reduc t ion C a l c

3
4
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Settings1
2

E x p o s u r e  -  H a z a r d  A s s u m p t i o n s

T r a d e o f f s

D e g r e e  o f  C e r t a i n t y :  H a z a r d Edit Table

P r o b a b i l i t y  ( M e t r i c ) Edit Table

C o s t  S p e c i f i c a t i o n

C h o o s e :  T P C  S o u r c e s Ener tec

TPC pe r  M i l e  (Use r -De f i ned ) Edit Table

F i x e d  T P C  ( U s e r - D e f i n e d ) Edit Table

C h o o s e  S c e n a r i o :  O & M M e d i u

T o t a l  A n n u a l  O & M  C o s t  ( p e r  M i l e ) Edit Table

B a s e  R a t e s Edit Table

R i s k   R a t i o s Edit Table

E q u i v a l e n t  C o s t Edit Table

(Do l la rs )  :Ave rage  P rope r t y  Va lue Edit Table

Average  Number  o f  I n te r rup ted  Cus tomers Edit Table

Ave rage  Ou tage  Du ra t i on Edit Table

Percen t  o f  Ou tages  Lead ing  t o  I n t e r rup t i ons Edit Table

A s s u m p t i o n s  a b o u t  O u t a g e s I m p a c t  o n  P r o p e r t y  V a l u e s

Scenar io
Choices

R e l a t i v e  E M F  I m p a c t  ( R e s e a r c h  K n o w n ) Edit Table

R e l a t i v e  E M F  I m p a c t  ( I m m e d i a t e ) Edit Table

R e l a t i v e  N o n - E M F  I m p a c t  ( I m m e d i a t e ) Edit Table

M a x i m u m  R i s k  R a t i o s Edit Table

C h o o s e  R e f e r e n c e  P o i n t Switch

3
4
5

Settings6
7

In the “Settings” menu, the user can make many changes to the key model parameters related to8
assumptions about the EMF hazard, outages, costs, and impacts on property values.  These changes are9
usually made in edit tables or by choosing from a low, medium, and high scenario.  An important choice is10
whether to use cost estimates provided by Enertech Consultants (1998 a and b) or user specified cost11
estimates.  By setting the reference point for impacts on property values, the user can also determine12
whether to treat property impacts as gains (e.g., by undergrounding) or as costs (e.g., by not13
undergrounding).14

15
Enertech Consultants.  Electric and Magnetic Field Exposure Assessment of Powerline and Non-Powerline Sources for16
Public School Environments.  DRAFT, October 1998a.17

18
Enertech Consultants, Magnetic Field Mitigation Cost Estimates, DRAFT, June 1998b.19

20
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1
Model2

3

Alternat ives Cri ter ia

D e s i g n  a n d

Assumpt ions

Exposure  to

E M F s

Tradeof fs

Detai led

Results

Sensit iv i ty

A n a l y s e s

4
5
6

Model7
8

Each Power Grid and Land Use Policy Analysis has the following building blocks:  “Exposure to EMFs,”9
“Alternatives,” and “Criteria.”   In addition, “Design and Assumptions” and “Tradeoffs” are defined to10
produce “Detailed Results.”  The exposure data are imported from a model developed in C++ by Jack11
Adams with a Visual Basic interface developed by Thomas Eppel (see Decision Insights, Inc., 1999).12
Exposures are imported as an array defined by a) the segment of the line, b) the mitigation measure, c) the13
effects function, and d) the distance from the line.  “Alternatives” are land use and engineering options to14
reduce EMFs.  They are defined both in the Analytica models and in the exposure model.  The15
“Alternatives” are evaluated on the “Criteria,” for example on public health risks due to EMF or on total16
project cost.  To evaluate the alternatives on the criteria, models are used, which are sometimes quite17
complex.  To access the models, the user can double-click on the “Criteria” node and continue through the18
relevant sub-menus.  The “Design and Assumptions” node contains a menu of basic inputs that define the19
mitigation, land use, and population characteristics of the scenario as well as key parameters that are used20
throughout the model.  The “Tradeoffs” are defined as unit equivalent costs for each criterion.  For21
example the (default) tradeoff for one person-year life lost is $100,000. “Sensitivity Analyses” allow the22
user to vary the degree of certainty of a hazard and the risk ratios used in the model over a wide range to23
show how sensitive the decision is to variations in these parameters.24

25
Decision Insights, Inc.  Power Grid and Land Use Policy Analysis.  DRAFT, April, 199926

27
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 Detailed Results1
2
3

C o n s e q u e n c e s :

Al l  Cr i ter ia

E q .  C o s t :

Al l  Cr i ter ia

E q .  C o s t :

To ta l

C o n s e q u e n c e s :

Al l  Cr i ter ia

(S low)

E q .  C o s t :

Al l  Cr i ter ia

(S low)

E q .  C o s t :

To ta l

(S l ow )

E q .  C o s t :

EMF :  Pub l i c

E q .  C o s t :

E M F :  W o r k e r s

E q .  C o s t :

Acc iden t s  -  Pub l i c

E q .  C o s t :

A c c i d e n t s  -

W o r k e r s

E q .  C o s t :  C o s t

E q .  C o s t :  P r o p e r t y

Va lues

E q .  C o s t :  P r o p e r t y

L o s s e s

E q .  C o s t :  O u t a g e s

E q .  C o s t :

Env io rnmen ta l

Im p a c t s

E q .  C o s t :

Major  Cr i ter ia

4
5
6

Detailed Results7
8

This diagram lets the user examine the results of the model at many different levels, ranging from the9
consequences, expressed in the natural units of the criteria (“Consequences: All Criteria” ) to various10
equivalent costs of subsets of the criteria and consequences.  For example, the user can take a quick look at11
the “Eq. Cost: Major Criteria,”  which typically are public health, direct dollar cost (including total12
project cost, operations and maintenance, and power losses), and property values.  In some analyses, noise13
and disruption and outages also become major criteria.  The equivalent costs are the consequences in their14
natural units multiplied by the unit equivalent cost defined in “Tradeoffs.”  The yellow nodes access15
results for all scenario combinations, not just for the ones specified by the user.  Running the model in the16
“yellow” mode will substantially increase the total calculation time.17

18
19
20
21
22
23
24
25
26
27
28
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Model – Design and Assumptions1
2

Al ternat ives List

Leng th  o f  Segmen ts E d i t  T a b l e

L ine  Type  by  M i t i ga t i on E d i t  T a b l e

Mit iga t ion  by  A l te rna t ive E d i t  T a b l e

Percen tage :  Adu l t s E d i t  T a b l e

Popu la t i on E d i t  T a b l e

(Number )  :N u m b e r  o f  H o … E d i t  T a b l e

Mi t i ga t i on List

Number  o f  Ce l l s 1 6

(ft) :Overa l l  Wid th  o f  Area 3 2 0

S e g m e n t s List

(ft) :Wid th  o f  Gr id 1 0

Cel l  Def in i t ion E d i t  T a b l e

E x c l u s i o n  Z o n e s E d i t  T a b l e

(W/ f )  :P o w e r  L o s s  p e r  F o o t E d i t  T a b l e

Number  o f  Worke r -Days  o f  Cons t r uc t i on  Pe r  M i l e E d i t  T a b l e

R e l a t i v e  E M F  I m p a c t  ( R e s e a r c h  K n o w n ) E d i t  T a b l e

Re la t i ve  EMF Impac t  ( Immed ia te ) E d i t  T a b l e

Re la t i ve  Non -EMF Impac t  ( Immed ia te ) E d i t  T a b l e

I m p a c t  o n  A e s t h e t i c s  p e r  M i l e E d i t  T a b l e

Number  o f  Days  t o  Bu i l d  One  M i l e  o f  L i ne  (Cons t r… E d i t  T a b l e

F ixed  TPC (Use r -De f i ned ) E d i t  T a b l e

TPC per  M i le  (User -De f ined) E d i t  T a b l e

O t h e r

A s s u m p t i o n s

A l t e r n a t i v e s ,  L i n e  D e s i g n ,  L a n d  U s e : B a s i c  S p e c i f i c a t i o n  o f  M o d e l :

3
4
5

Design and Assumptions6
7

CAUTION:  THIS MENU IS FOR ADVANCED USERS ONLY.  WE RECOMMEND THAT USERS8
OBTAIN TRAINING IN THE USE OF THE ANALYTICA MODELS PRIOR TO MAKING ANY9
CHANGES IN THIS MENU.10

11
This menu lets users create new scenarios.  In particular, it lets users specify “Alternatives, Line Design,12
Land Use,” including mitigation alternatives, line segments and cells, width of a cell, width of a sub-cell,13
exposure exclusion zones (e.g., ROWs), and population characteristics.  Segments, cells, and sub-cells are14
defined in the node “Exposure.”  In addition, several “Basic Specifications of the Model” related to the15
property values of EMF, power loss, aesthetic impact, construction activities, and costs must be specified.16
These basic specifications will have to be changed, if any of the “Alternatives, Line Design, and Land17
Use” items have been changed.  “Other Assumptions” include various constants that are used throughout18
the model.  These constants will typically not be changed.19

20
This menu is for advanced users of the Analytica models only.  It is intended to create new scenarios21
efficiently.  However, the user needs to know which changes require re-running the exposure model (e.g.,22
changing cell and sub-cell width or creating new mitigation options) or alter other parts of the model.  The23
following changes can be made without rerunning the exposure model or making other changes in the24
Analytica model: Applying different mitigation alternatives for a given segment of the line (“Mitigation25
by Alternative”); changing the length of a segment; increasing or decreasing exclusion zones; changing26
population densities, homes, and adult-children percentages; and all “Basic Specifications of the Model.”27
However, other changes, such as changing the width of a cell or the width of the sub-cell require re-running28
the exposure model or resetting basic specifications of the Analytica model.29

30
31
32
33
34
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1
Model –- Exposure2

3

Probabi l i ty

(Me t r i c )

R i sk

 Rat ios

Base  Ra tes

M a x i m u m

Exposu re

Degree  o f

Cer ta in ty :

Hazard

Exposure

M a x i m u m  R i s k

Rat ios

E x p o s u r e  a t

wh ich  to  de f ine

R isk  Ra t io

S lope  o f

Dose -Response

Func t ion

4
5

Exposure6
7

This model picks up the exposure data and calculates a dose-response.  The dose response function is8
defined through “Risk Ratios” anchored a selected “Exposures at which to define Risk Ratios” and a9
“Maximum Risk Ratio” that puts a ceiling to the response in the dose response functions.  Dose-response10
functions are defined separately for different exposure metrics.  To provide all the necessary inputs to11
calculate incremental risks, the model uses “Base Rates” from readily available statistics, and a user12
defined “Probability (Metric).”  The “Degree of Certainty: Hazard” is another user defined input that in13
effect works as a discount factor on the calculated incremental risk.14

15
Degree of Certainty: Hazard16

17
This item specifies the probability that EMF exposure poses a health hazard.  When users adjust it, they18
should keep in mind that the probability attached to a degree of seriousness of the hazard defined by the19
risk ratios (see below).  Thus, for example, one user may think that there is a high probability of a hazard,20
but that the incremental risk would be extremely small.  In this case the probability of a hazard may be21
0.50, but the risk ratios may be 1.1.  Another user may think that the probability of a hazard is small, but22
that the incremental risk is high.  In this case the probability of a hazard may be 0.05, but the risk ratios23
may be 4.24

25
IT IS IMPORTANT TO ASSESS THE DEGREE OF A HAZARD IN CONNECTION WITH THE RISK26
RATIOS, OTHERWISE IMPLAUSIBE RISK ESTIMATES CAN OCCUR.27

28
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Risk Ratios1
2

“Risk Ratios” are defined as the risk with EMF exposure at 2mG TWA (or equivalent medium exposures for3
other metrics) divided by the base rate risk, assuming that EMF exposure poses a hazard.   For example, some4
epidemiological studies of childhood leukemia show approximately a 50% elevated risk around 2mG exposure,5
which corresponds to a risk ratio of 1.5. The risk ratios are defined separately for each health endpoint to6
account for the epidemiological findings (Decision Insights, 1999).  For the linear threshold (LT) metrics the7
risk ratio defined at 2mG TWA was used to extrapolate the risk ratios at values above the threshold.  For the8
binary threshold metrics the risk ratios at 2mG TWA were applied to 50% exceedances (2mG threshold), 20%9
exceedances (5 mG threshold), and 10% exceedances (10 mG threshold).  Following are the risk ratios at 2 mG10
TWA estimated from the epidemiological literature (Decision Insights, 1999):11

12
Alzheimer’s Disease: 213
Adult Brain Cancer: 1.514
Adult Leukemia: 215
Adult Breast Cancer: 1.516
Childhood Leukemia: 1.517
Childhood Brain Cancer: 1.518

19
Decision Insights, Power Grid and Land Use Policy Analysis, Draft, 1999.20

21
22

Exposure at which to define Risk Ratios23
24

The user can choose a different set of exposure levels at which the risk ratios are defined.  For example, a25
user may want to define the risk ratios at 3 or 5 mG or at different percentage exceedance levels.  If this26
option is taken, we recommend that the user revisit all risk ratios and maximum risk ratios to make sure27
that the combinations are plausible.28

29
Maximum Risk Ratios30

31
If one would extrapolate the risk ratios linearly to high exposures, certain anomalies would occur.  For32
example, a risk ratio of 2 at 2mG TWA would be extrapolated linearly to a risk ratio of about 100 at33
200mG.  This seems unreasonable, considering that the highest risk ratios in epidemiological EMF research34
have been around 5-10 (studies in other health areas have found risk ratios as high as 20).  It is therefore35
more reasonable to define an upper bound of the risk ratio, using epidemiological evidence, and to use this36
upper bound to provide a limit to the dose-response function.  The following  “Maximum Risk Ratios”37
were defined based on epidemiological studies (see Decision Insights, 1999):38

39
Alzheimer’s Disease: 440
Adult Brain Cancer: 241
Adult Leukemia: 242
Adult Breast Cancer: 243
Childhood Leukemia: 344
Childhood Brain Cancer: 345

46
Decision Insights, Power Grid and Land Use Policy Analysis, Final Report, 1999.47

48
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1
Base Rates2

3
The “Base Rates” for the six health endpoints considered in the model were obtained from two sources:4
American Cancer Society (1998) and the Center for Disease Control (1998):5

6
Alzheimer’s Disease: 0.0057
Adult Brain Cancer – Fatal: 0.0000678
Adult Brain Cancer – Nonfatal: 0.0000879
Adult Leukemia – Fatal: 0.0001110
Adult Leukemia – Nonfatal: 0.0001411
Breast Cancer – Fatal: 0.00022 (females only)12
Breast Cancer – Nonfatal: 0.00089 (females only)13
Childhood Brain Cancer – Fatal: 0.00000514
Childhood Brain Cancer – Nonfatal: 0.000007515
Childhood Leukemia – Fatal: 0.0000216
Childhood Leukemia – Nonfatal: 0.0000317

18
American Cancer Society, Cancer Facts and Figures, Web Site: www.cancer.org/statistics, 1998.19

20
Center for Disease Control, Faststats: Alzheimer’s Disease, Web Site:21
www.cdc.nchswww/fastats/alzheimr.htm, 1998.22

23
Center for Disease Control, Faststats: Leading Causes of Death, Web Site:24
www.cdc.nchswww/fastats/cancer, 1998.25

26
Center for Disease Control, Faststats: Leading Causes of Death, Web Site: www.cdc.nchswww/fastats,27
1998.28

29
30
31

Probability (Metric)32
33

The models have seven possible exposure metrics and one “other” metric.  The seven are:34
35

1. Time-weighted average36
2. Linear threshold at 2 mG37
3. Linear threshold at 5 mG38
4. Linear threshold at 10 mG39
5. Binary threshold at 2 mG40
6. Binary threshold at 5 mG41
7. Binary threshold at 10 mG42

43
The user can assign probabilities to these metrics or “pick” one metric by assigning a probability of 1.  The44
default setting is a probability of 1 for the TWA metric.45

46
47
48
49
50
51
52
53
54
55
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Model – Exposure – Exposure1
2

Exc lus ion

Zone

Is  Popu la t ion

in Grid

Exposed  to

E M F s ?

N u m b e r  o f

E x p o s e d

Gr ids

E x p o s e d

Popu la t ion

Exposure

Net  Exposure

Inc rease

Adul ts

Popu la t ion

E x p o s e d

Adul ts

E x p o s e d

Chi ldren
Chi ldren

Average

Exposure

Relat ive

Exposure

Reduct ion

Exposure

Raw Data

Plus

Background

Background

Exposure  by

Mi t igat ion

Cel l  Def in i t ion

R a w  D a t a  b y

Mi t igat ion

P e r c e n t  o f

T ime

E x p o s e d

Mit igat ion

Ef fec t iveness

Fac to r

Mi t igat ion

Ef fec t iveness

Exposure

(Wi th  M i t i ga t i on

Ef fect iveness)

3
4
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1
Exposure2

3
This model reads in the “Exposure Raw Data Plus Background” from Jack Adam’s exposure simulation4
model.  This is an array of exposure data defined by a) mitigation measures, b) effects functions, c)5
different segments, and d) distances from the line.  A segment is a piece of the line.  A cell is a rectangle6
with the length of the segment and a width that is defined as a distance from the line where exposures will7
approach background exposure (usually 300-500 feet).  Cells are also indexed by the mitigation measure.8
Cells are the key building blocks in both Jack Adam’s exposure model and in the Analytica model.  Cells9
are further subdivided into sub-cells which are rows of fixed width (usually ten feet) paralleling the line.10

11
 The model lets the user define  “Exclusion Zones,” such as the Right-of-Way, as sub-cells without people12
and thus no exposure.   Exclusion zones are the main mechanism to model land use alternatives.  Through13
“Mitigation Effectiveness” users can define, how likely they think that a mitigation measure is effective in14
reducing EMF risks.  This variable captures the idea that the “real” exposure metric is not captured in the15
model.  While the mitigation measure is effective in reducing exposures on the modeled metrics, it may not16
be effective in reducing exposures on the relevant, yet unknown metric. The default value for “Mitigation17
Effectiveness” is 100%.  The density of the “Population” and the percentage of “Adults” and “Children”18
can be defined separately for each segment.  The user can also specify the percent of time people are19
exposed in each cell, considering, for example land use (schools, offices, etc.).  The default value is 100%.20
The “Net Exposure Increase” is determined by subtracting the “Background” exposure.  Combining the21
“Net Exposure Increase” with the “Exposed Population” the model then calculates the “Average22
Exposure” for each mitigation alternative and the “Relative Exposure Reduction”  due to mitigation.23
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1
Model – Sensitivity Analyses2

3

Choose: Heal th Endpoint A l l

Choose: Target Var iable Total  E

Sensit ivi ty: Degree of Certainty Calc

System

Var iab les  fo r

Sensitivity

Sensit iv i ty:  Risk Rat ios Calc Lower Bound for  Sensi t iv i ty  Analysis 0

Upper Bound for  Sensi t iv i ty  Analysis 1

Probabi l i ty

(Metr ic )

R isk

 Ratios

Base Rates

Max imum

Exposure

Degree of

Certainty:

Hazard

Max imum Risk

Ratios

Exposure at

which to def ine

Risk  Rat io

S lope  o f

Dose-Response

Func t ion

4
5

Sensitivity Analyses6
7

This menu lets the user access sensitivity analyses on the “Degree of Certainty: Hazard” and on the8
“Risk Ratios” for different health endpoints and different target variables.  Other sensitive parameters like9
the “Probability (Metric)” or the “Maximum Risk Ratios” can be varied as well in this menu.10

11
12
13
14
15
16
17
18
19
20
21
22
23
24
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Model – Criteria1
2

E MF :

Publ ic

Accidents:

Publ ic

Accidents:

W o r k e r s

Costs

T P C

C o n d u c t o r

Losses

O & M

Property

V a l u e s

C o n t i n g e n c i e s

Property

Losses

Aesthet ics

T r e e s

Air  Pol lut ion

N o i s e  a n d

Disrupt ion

E MF :

W o r k e r s

Heal th  Ef fec ts :

E M F

Heal th  Ef fec ts :

Acc idents

Property

Impacts

Serv ice

Reliabil i ty

Environment

C u s t o m e r

In ter rupt ions

3
4
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Criteria1
2

These 15 criteria are used to evaluate the engineering and land use alternatives in the Power Grid and Land3
Use Policy Analysis.  Some criteria (EMF-Public, EMF-Workers, Accidents-Public, Accidents-Workers,4
and Property Losses) have multiple sub-criteria.5

6
To estimate the performance of the engineering or land use alternatives, models were developed for each7
criterion or sub-criterion.  To access these models, the user needs to simply double-click on the criteria or8
sub-criteria.9

10
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1
Model - Tradeoffs2

3

Equiva lent
C o s t

(Al l  Cr i ter ia)

Equiva lent
C o s t

4
5

Tradeoffs6
7

Equivalent cost tradeoffs are defined for units of all criteria in the model, in order to make the8
consequences on different criteria commensurable.9

10
The literature on the value of life and injuries was used to define default values (see, for example, Jones-11
Lee, 1976; Thaler and Rosen, 1975; Howard, 1980; Viscusi, 1992, 1993; Tengs, 1995).  In addition, a12
recent interview with five national researchers familiar with the risk tradeoff literature (Keeney and von13
Winterfeldt, 1997) was used to calibrate the tradeoffs.  Other values were estimated based on common14
sense reasoning.  The default values are:15

16
One Year of Life-Expectancy Lost: $100,00017
One Non-Fatal Cancer (Adult): $300,00018
One Non-Fatal Cancer (Child): $500,00019
One Alzheimer’s Disease: $200,00020
One Serious Injury: $10,00021
One Contingency Hour: $10,00022
One Person-Hour of Electricity Disruption: $1023
One Pole Collision (Property Damage): $10,00024
One Lost Tree: $1,00025
One Person-Day of Noise and Disruption: $1026
One Unit on Aesthetics Scale: $10,00027

28
Jones-Lee, M.W. The value of life: An economic analysis.  Chicago: Chicago University Press, 1976.29

30
Howard, R.  On making life and death decisions.  In R.C. Schwing and W.R. Alberts (eds.) Societal risk31
assessment.  New York, Plenum Press, 1980, 89-106.32

33
Tengs, T., et al. Five hundred life-savings intervention and their cost-effectiveness.  Risk Analysis, 15, 3,34
1995, 369-390.35

36
Thaler, R. and Rosen, S.  The value of saving a life: Evidence from the labor market.  In Terleckyi, N.E.37
(ed.) Household production and consumption.  New York: Columbia University Press, 1975, 265-298.38

39
Viscusi, W,K.  Fatal tradeoffs.  New York: Oxford University Press, 1992.40

41
Viscusi, W.K.  The value of risks to life and health.  Journal of Economic Literature, 312, 1993, 1912-42
1946.43

44
Keeney, R.L. and von Winterfeldt, D.  Value tradeoffs for the Hanford tank waste remediation system45
program.  Report No. PNNL-11724, UC-630.  Ricjland, WA: Pacific Northwest National Laboratory, 1997.46

47
48
49
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Model – Alternatives1
2

Alternatives3
4

Alternatives are mitigation measures (engineering or land use) assigned to each segment of the line.  For5
example, in scenario A of the distribution line model, the following mitigation measures were considered6

7
1. No change to the line8
2. Compact delta configuration9
3. Raising pole height10
4. Undergrounding11

12
In this scenario the line had 4 one-mile segments.  An example alternative was to underground the line in13
each segment.  Another alternative was to underground the line only in the segment closest to the14
substation.15

16
17
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Model – Detailed Results1
2
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4
5

Detailed Results6
7

This diagram lets the user examine the results of the model at many different levels, ranging from the8
consequences, expressed in the natural units of the criteria (“Consequences: All Criteria” ) to various9
equivalent costs of subsets of the criteria and consequences.  For example, the user can take a quick look at10
the “Eq. Cost: Major Criteria,”  which typically are public health, direct dollar cost (including total11
project cost, operations and maintenance, and power losses), and property values.  In some analyses, noise12
and disruption and outages also become major criteria.  The equivalent costs are the consequences in their13
natural units multiplied by the unit equivalent cost defined in “Tradeoffs.”  The yellow nodes access14
results for all scenario combinations, not just for the ones specified by the user.  Running the model in the15
“yellow” mode will substantially increase the total calculation time.16

17
18
19
20
21
22
23
24
25
26
27
28
29
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Model – Criteria – EMF: Public1
2
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3
4
5

EMF: Public6
7

The criterion “EMF: Public” is divided into 15 sub-criteria.  Key distinctions are the health endpoints8
(leukemia, brain cancer, breast cancer, and Alzheimer’s disease), fatal vs. non-fatal health effects for9
cancers, and whether children or adults are affected.  Alzheimer’s disease is counted and evaluated as a10
long-term disease, not as a one-time cause of death.  In addition, the user can supply the information for an11
unspecified health endpoint by using the four nodes for fatal and non-fatal “Other Health Effects” for12
children and adults.  The health risk models are very similar across these health endpoints, as illustrated for13
the criterion “Adult Brain Cancer (Fatal).”14

15
16
17
18
19
20
21
22
23
24
25
26
27
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Model – Criteria – EMF Public – Adult Brain Cancer (Fatal)1
(Same Documentation for All Health Endpoints)2

3
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1
Cancer (Fatal or Nonfatal)2

3
This diagram shows how the “Expected Loss of Life Expectancy (Total)” is calculated.  The “Risk Ratios”4
and “Maximum Risk Ratios” are used to create dose-response functions, separately for each health endpoint.5
This is done as follows.  The user inputs “Risk Ratios” that characterize, separately for each health endpoint,6
the increase in risk at 2mG (or equivalent “medium” exposure for other metrics), assuming that EMF is a7
hazard.  This input defines one point of the dose-response function.  The other point is defined by a risk ratio of8
1 at zero mG exposure (or 0% exceedances of a threshold).  From this information, the model calculates the9
slope of a linear dose-response function (the intercept being at RR=1, Exposure=0).  The user also specifies the10
“Maximum Risk Ratio,” which is defined as the maximum factor by which risk can plausibly be increased, if11
one assumes that EMF is a hazard.  This input provides an upper limit for the risk ratios and defines an12
exposure, above which the risk ratio is held constant at its upper limit.13

14
Using the input from Jack Adams’ exposure model, the “Slope of the Dose-Response Function,” and the15
“Base Rates” for each health endpoint, the model then calculates “Incremental Risk”  in terms of annual16
fatality or illness rate due to the line.  This incremental risk is multiplied by the number of people exposed to17
determine the “Potential Number of Fatal (or Nonfatal) Cancers per Year,” separately for Adults and18
Children, assuming that there is a hazard.  The “Expected Number of Fatal (or Nonfatal) Cancers per Year”19
are then calculated by multiplying the “Potential Number of Fatal (or Nonfatal) Cancers per Year” by the20
“Degree of Certainty: Hazard,” which specifies the probability that EMF exposure poses a hazard.  In the21
case of Alzheimer’s disease, the model considers only the incidence rate and calculates the “Expected Number22
of Annual Alzheimer Cases.”23

24
For fatal cancers, the “Expected Number of Fatal Cancers” are multiplied with the average “Loss of Life25
Expectancy” to determine an “Expected Annual Loss of Life Expectancy.”  This annual loss is multiplied by26
the lifetime of the line (default: 35 years) to calculate the “Expected Loss of Life Expectancy (Total)”.27
For nonfatal cancers, the “Expected Number of Non-Fatal Cancers Per Year” are multiplied by the lifetime28
of the line (default: 35 years) to calculate the “Expected Number of Nonfatal Cancers (Total).”  Alzheimer’s29
disease is treated like a non-fatal cancer.30

31
32

Risk Ratios33
34

“Risk Ratios” are defined as the risk with EMF exposure at 2mG TWA (or equivalent medium exposures for35
other metrics) divided by the base rate risk, assuming that EMF exposure poses a hazard.   For example, some36
epidemiological studies of childhood leukemia show approximately a 50% elevated risk around 2mG exposure,37
which corresponds to a risk ratio of 1.5. The risk ratios are defined separately for each health endpoint to38
account for the epidemiological findings (Decision Insights, 1999).  For the linear threshold (LT) metrics the39
risk ratio defined at 2mG TWA was used to extrapolate the risk ratios at values above the threshold.  For the40
binary threshold metrics the risk ratios at 2mG TWA were applied to 50% exceedances (2mG threshold), 20%41
exceedances (5 mG threshold), and 10% exceedances (10 mG threshold).  Following are the risk ratios at 2 mG42
TWA estimated from the epidemiological literature (Decision Insights, 1999):43

44
Alzheimer’s Disease: 245
Adult Brain Cancer: 1.546
Adult Leukemia: 247
Adult Breast Cancer: 1.548
Childhood Leukemia: 1.549
Childhood Brain Cancer: 1.550

51
Decision Insights, Power Grid and Land Use Policy Analysis, Draft, 1999.52

53
54
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Maximum Risk Ratios1
2

If one would extrapolate the risk ratios linearly to high exposures, certain anomalies would occur.  For3
example, a risk ratio of 2 at 2mG TWA would be extrapolated linearly to a risk ratio of about 100 at4
200mG.  This seems unreasonable, considering that the highest risk ratios in epidemiological EMF research5
have been around 5-10 (studies in other health areas have found risk ratios as high as 20).  It is therefore6
more reasonable to define an upper bound of the risk ratio, using epidemiological evidence, and to use this7
upper bound to provide a limit to the dose-response function.  The following  “Maximum Risk Ratios”8
were defined based on epidemiological studies (see Decision Insights, 1999):9

10
Alzheimer’s Disease: 411
Adult Brain Cancer: 212
Adult Leukemia: 213
Adult Breast Cancer: 214
Childhood Leukemia: 315
Childhood Brain Cancer: 316

17
Decision Insights, Power Grid and Land Use Policy Analysis, Final Report, 1999.18

19
20
21

Base Rates22
23

The “Base Rates” for the six health endpoints considered in the model were obtained from two sources:24
American Cancer Society (1998) and the Center for Disease Control (1998):25

26
Alzheimer’s Disease: 0.00527
Adult Brain Cancer – Fatal: 0.00006728
Adult Brain Cancer – Nonfatal: 0.00008729
Adult Leukemia – Fatal: 0.0001130
Adult Leukemia – Nonfatal: 0.0001431
Breast Cancer – Fatal: 0.00022 (females only)32
Breast Cancer – Nonfatal: 0.00089 (females only)33
Childhood Brain Cancer – Fatal: 0.00000534
Childhood Brain Cancer – Nonfatal: 0.000007535
Childhood Leukemia – Fatal: 0.0000236
Childhood Leukemia – Nonfatal: 0.0000337

38
American Cancer Society, Cancer Facts and Figures, Web Site: www.cancer.org/statistics, 1998.39

40
Center for Disease Control, Faststats: Alzheimer’s Disease, Web Site:41
www.cdc.nchswww/fastats/alzheimr.htm, 1998.42

43
Center for Disease Control, Faststats: Leading Causes of Death, Web Site:44
www.cdc.nchswww/fastats/cancer, 1998.45

46
Center for Disease Control, Faststats: Leading Causes of Death, Web Site: www.cdc.nchswww/fastats,47
1998.48

49
50
51
52
53
54
55
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1
2

Model – Criteria – EMF: Workers3
4
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5
6

EMF: Workers7
8

This model considers the risks of fatal and non-fatal brain cancer and leukemia for utility linemen.9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
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1
2

Model – Criteria – EMF: Workers – Fatal Brain Cancer3
(Same Documentation for All Health Endpoints)4

5
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7
8

EMF: Workers – Fatal Brain Cancer9
10

This model estimates the fatal brain cancers of utility linemen due to exposures to EMF.  It combines11
“Exposure” estimates from the epidemiological literature with the dose response function developed for12
adult brain cancer (see EMF: Public – Adult Brain Cancer (Fatal)).   Based on the “Number of Worker13
Years per Mile” of line and assuming that EMF is a hazard, the exposure estimate and dose-response14
function combine to determine the “Potential Annual Number of Fatal Brain Cancers per Mile.”   Using15
the probability that there is a hazard and the selected effects function, the “Expected Annual Number of16
Fatal Brain Cancers per Mile” can be calculated.    This result is extrapolated for the total miles of the17
line and converted into “Annual Loss of Life Expectancy: Brain Cancer Workers.”   This annual18
estimate is multiplied by the lifetime of the line (default: 35 years) to calculate the “Loss of Life19
Expectancy: Brain Cancer – Workers (Total). “20

21
22
23
24
25
26
27
28
29
30
31
32
33
34
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Exposure1
2

The “Exposure” node contains default values for linemen while working on live lines.  The numbers are3
expressed in milliGauss (mG) TWA and in percent exceedances of thresholds.  The estimates are from4
Bracken et al. (1990) and Theriault et al. (1994).  Bracken et al. (1990) do not distinguish between5
underground and overhead work, but they have an extensive database that was used to calibrate exposure from6
lines.  The data by Theriault et al. (1994) suggest that underground live work involves about twice the average7
exposure than overhead line work.  As a first approximation, the model uses Bracken et al. (1990) data to8
estimate overhead exposure and multiplies it by 2 to estimate underground exposure:9

10
Overhead, average exposure: 2 mG11
Overhead, > 2 mG:  50%12
Overhead, > 5 mG: 25%13
Overhead, >10 mG: 10%14

15
Underground, average exposure: 4 mG16
Underground, > 2 mG: 100%17
Underground, > 5 mG: 50%18
Underground, > 10 mG: 20%19

20
Bracken , D. et al. The EMDEX Project: Technology Transfer and Occupational Measurements.  EPRI EN21
7048, Palo Alto: Electric Power Research Institute, 1990.22

23
Theriault, G. et al.  Cancer risks associated with occupational exposure to magnetic fields among utility24
workers in Ontario and Quebec, Canada and France, 1970-1989.  American Journal of Epidemiology, 139,25
550-570, 1994.26

27
28

Risk Ratios29
30

“Risk Ratios” are defined as the risk with EMF exposure at 2mG TWA divided by the base rate risk,31
assuming that EMF exposure poses a hazard.   For example, some epidemiological studies of childhood32
leukemia show approximately a 50% elevated risk around 2mG exposure, which corresponds to a risk ratio of33
1.5. The risk ratios are defined separately for each health endpoint to account for the epidemiological findings34
(Decision Insights, 1999).  For the linear threshold (LT) metrics the risk ratio defined at 2mG TWA was used35
to extrapolate the risk ratios at values above the threshold.  For the binary threshold metrics the risk ratios at36
2mG TWA were applied to 50% exceedances (2mG threshold), 20% exceedances (5 mG threshold), and 10%37
exceedances (10 mG threshold).  Following are the risk ratios at 2 mG TWA estimated from the38
epidemiological literature (Decision Insights, 1999):39

40
Alzheimer’s Disease: 241
Adult Brain Cancer: 1.542
Adult Leukemia: 243
Adult Breast Cancer: 1.544
Childhood Leukemia: 1.545
Childhood Brain Cancer: 1.546

47
Decision Insights, Power Grid and Land Use Policy Analysis, Final Report, 1999.48

49
50
51
52
53
54
55
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Maximum Risk Ratios1
2

If one would extrapolate the risk ratios linearly to high exposures, certain anomalies would occur.  For3
example, a risk ratio of 2 at 2mG TWA would be extrapolated linearly to a risk ratio of about 100 at4
200mG.  This seems unreasonable, considering that the highest risk ratios in epidemiological EMF research5
have been around 5-10 (studies in other health areas have found risk ratios as high as 20, but never as high6
as 100).  It is therefore more reasonable to define an upper bound of the risk ratio, using epidemiological7
evidence, and to use this upped bound to provide a limit to the dose-response function.  The following8
“Maximum Risk Ratios” were defined based on epidemiological studies (see Decision Insights, 1999):9

10
Alzheimer’s Disease: 411
Adult Brain Cancer: 212
Adult Leukemia: 213
Adult Breast Cancer: 214
Childhood Leukemia: 315
Childhood Brain Cancer: 316

17
Decision Insights, Power Grid and Land Use Policy Analysis, Final Report, 1999.18

19
20

Base Rates21
22

The “Base Rates” for the six health endpoints considered in the model were obtained from two sources:23
American Cancer Society (1998) and the Center for Disease Control (1998):24

25
Alzheimer’s Disease: 0.00526
Adult Brain Cancer – Fatal: 0.00006727
Adult Brain Cancer – Nonfatal: 0.00008728
Adult Leukemia – Fatal: 0.0001129
Adult Leukemia – Nonfatal: 0.0001430
Breast Cancer – Fatal: 0.00022 (females only)31
Breast Cancer – Nonfatal: 0.00089 (females only)32
Childhood Brain Cancer – Fatal: 0.00000533
Childhood Brain Cancer – Nonfatal: 0.000007534
Childhood Leukemia – Fatal: 0.0000235
Childhood Leukemia – Nonfatal: 0.0000336

37
American Cancer Society, Cancer Facts and Figures, Web Site: www.cancer.org/statistics, 1998.38

39
Center for Disease Control, Faststats: Alzheimer’s Disease, Web Site:40
www.cdc.nchswww/fastats/alzheimr.htm, 1998.41

42
Center for Disease Control, Faststats: Leading Causes of Death, Web Site:43
www.cdc.nchswww/fastats/cancer, 1998.44

45
Center for Disease Control, Faststats: Leading Causes of Death, Web Site: www.cdc.nchswww/fastats,46
1998.47

48
49
50
51
52
53
54
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Number of Worker-Years per Mile1
2

First, the total miles of overhead and underground transmission and distribution lines of one major3
California utility was determined:4

5
OH-TL:  18,4096
OH-DL:  180,0007
UG-TL:  1088
UG- DL: 40,0009

10
Second, a consultant to DII (Gray, 1998) estimated the number of transmission and distribution linemen in11
this utility:12

13
Transmission Linemen:  50 (low), 75 (medium), 100 (high)14
Distribution Linemen:  3000 (low), 3250 (medium), 3500 (high)15

16
Third, the same consultant estimated the percentage of time that workers would work at or near energized17
lines:18

19
Transmission:  1% (low), 2.5% (medium), 5% (high)20
Distribution: 10% (low), 20% (medium), 30% (high)21

22
This information was used to calculate first the total worker-years spent at or near energized lines, and23
second, to calculate the worker-years per mile of transmission and distribution lines:24

25
Transmission:  0.000027 (low); 0.0001 (medium); 0.0003 (high)26
Distribution:  0.0014 (low); 0.003 (medium); 0.0048 (high).27

28
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1
2

Model – Criteria - Accidents: Public3
4
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5
6
7
8

Accidents: Public9
10

This model calculates the estimated deaths and injuries due to three causes: fires from transmission or11
distribution lines, automobile collisions with powerline poles, and electrocutions due to contact with12
transmission or distribution lines.  For electrocutions, only fatalities were considered.13

14
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1
Model – Criteria – Accidents: Public - Fatalities due to Fires2

3
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4
5
6
7
8

Fatalities (Injuries) due to Fires9
10

This model calculates the “Annual Fire Fatalities (Injuries) per Mile” of overhead transmission and11
distribution lines in California. The key numbers in this calculation is “Total Deaths in CA”  due to fires -12
an average of 319 deaths (and about 5,000 injuries) per year for a ten year period in the eighties (California13
State Fire Marshal, 1988). The “Percent of Fatalities due to OH Lines” is very uncertain. We used14
conservative estimates. The combination of total deaths (or injuries) and percent due to overhead lines,15
combined with the “Total Miles of OH Lines,”  results in an estimate of the “Annual Fire Fatalities per16
Mile.” The remaining calculations are based on separate segments of a line and using a loss of life17
expectancy of 35 years for a fatality.18

19
California State Fire Marshall. California Fire Incident Reporting System: Annual Report, 1988.20
Sacramento: CSFM, 1988.21

22
23

Total Deaths (Injuries) in California24
25

This single valued input is the total annual fire deaths (injuries) in California. Using a ten-year average26
from 1979 to 1988, the default value is 319 deaths and 5,000 injuries per year (California State Fire27
Marshal, 1988).28

29
California State Fire Marshall. California Fire Incident Reporting System: Annual Report, 1988.30
Sacramento: CSFM, 1988.31

32
33



29

1
2

Percent of Fatalities (Injuries) due to OH Lines3
4

According to the National Fire Data Center (1978) about 11% of all fires are due to electrical distribution.5
This includes overhead and underground transmission and distribution.  It is unclear whether this6
percentage includes wiring in buildings, but the 11% figure is certainly close to an upper bound for the7
percentage of fires due to distribution and transmission lines.  We further assume that all fires are due to8
overhead (OH) lines, none to underground (UG) lines and that the percent of fires is identical to the percent9
of fatalities (injuries).10

11
To reflect the uncertainties in the estimation of this percentage, the user can use three settings:12

13
Low:                 1%14
Medium:          5%15
High:               11%16

17
National Fire Data Center. Fire in the United States. Washington, DC: U.S. Department of Commerce,18
1978.19

20
21

Total Miles of Overhead Lines22
23

This single value specifies the total miles of overhead transmission and distribution lines in California.24
According to data provided to the CPUC (Utilities Report to the CPUC, 1997), investor owned utilities25
(IOUs) operate some 250,000 miles of overhead lines.  According to the California Energy Commission26
(1998), the IOUs own approximately 78% of California's transmission and distribution system (California27
Energy Commission, 1998). Therefore, California has approximately 320,000 miles of overhead28
distribution lines.  If we add 43,000 miles of overhear transmission lines, California has 363,000 miles of29
overhead lines.  There are also about 100,000 miles of underground lines, most of which are distribution30
lines.31

32
Utilities Report to the CPUC, 1997.33

34
California Energy Commission, website: www.energy.ca.gov/electricity/system_power.html, 199835

36
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Model – Criteria – Accidents: Public - Injuries due to Fires1
2
3
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4
5
6

Injuries due to Fires7
8

This model calculates the “Annual Fire Injuries per Mile” of overhead transmission and distribution lines9
in California. The key numbers in this calculation is “Total Injuries in CA”  due to fires - an average of10
319 deaths (and about 5,000 injuries) per year for a ten year period in the eighties (California State Fire11
Marshal, 1988). The “Percent of Injuries due to OH Lines” is very uncertain. We used conservative12
estimates. The combination of total deaths (or injuries) and percent due to overhead lines, combined with13
the “Total Miles of OH Lines,”  results in an estimate of the “Annual Fire Injuries per Mile.”  The14
remaining calculations are based on separate segments of a line and using a loss of life expectancy of 3515
years for a fatality.16

17
California State Fire Marshall. California Fire Incident Reporting System: Annual Report, 1988.18
Sacramento: CSFM, 1988.19

20
21

Total Deaths (Injuries) in California22
23

This single valued input is the total annual fire deaths (injuries) in California. Using a ten-year average24
from 1979 to 1988, the default value is 319 deaths and 5,000 injuries per year (California State Fire25
Marshal, 1988).26

27
California State Fire Marshall. California Fire Incident Reporting System: Annual Report, 1988.28
Sacramento: CSFM, 1988.29

30
31
32
33
34
35
36
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1
Percent of Fatalities (Injuries) due to OH Lines2

3
According to the National Fire Data Center (1978) about 11% of all fires are due to electrical distribution.4
This includes overhead and underground transmission and distribution.  It is unclear whether this5
percentage includes wiring in buildings, but the 11% figure is certainly close to an upper bound for the6
percentage of fires due to distribution and transmission lines.  We further assume that all fires are due to7
overhead (OH) lines, none to underground (UG) lines and that the percent of fires is identical to the percent8
of fatalities (injuries).9

10
To reflect the uncertainties in the estimation of this percentage, the user can use three settings:11

12
Low:                 1%13
Medium:          5%14
High:               15%15

16
National Fire Data Center. Fire in the United States. Washington, DC: U.S. Department of Commerce,17
1978.18

19
20

Total Miles of Overhead Lines21
22

This single value specifies the total miles of overhead transmission and distribution lines in California.23
According to data provided to the CPUC (Utilities Report to the CPUC, 1997), investor owned utilities24
(IOUs) operate some 250,000 miles of overhead lines.  According to the California Energy Commission25
(1998), the IOUs own approximately 78% of California's transmission and distribution system (California26
Energy Commission, 1998). Therefore, California has approximately 320,000 miles of overhead27
distribution lines.  If we add 43,000 miles of overhear transmission lines, California has 363,000 miles of28
overhead lines.  There are also about 100,000 miles of underground lines, most of which are distribution29
lines.30

31
Utilities Report to the CPUC, 1997.32

33
California Energy Commission, website: www.energy.ca.gov/electricity/system_power.html, 199834

35
36
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Model – Criteria – Accidents: Public – Fatalities due to Pole Collisions1
2
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3
4
5
6
7

Fatalities due to Pole Collisions8
9

This model estimates fatalities and the associated loss of life expectancy due to utility pole collisions.  The10
key variable is “Fatality Risk per Pole.”  It depends on the “Fatalities from Utility Pole Collisions  in11
California (CA) ,” the “Percent of Utility Poles that are Electrical Utility Poles,” the “Total Miles of12
Overhead (OH) Transmission and Distribution System,” and the “Number of Poles per Mile.”13

14
The “Fatality Risk per Mile” for overhead design is the product of the fatality risk per pole times the15
number of poles per mile.  The “Fatality Risk per Mile” for undergrounding an existing overhead line is16
the residual risk, once the poles for overhead distribution are removed.  If all poles are removed, this17
residual risk is zero.  However, some poles may remain, to support existing structures or non-electrical18
utilities.19

20
21

Fatalities from Utility Pole Collisions in CA22
23

Between 1994 and 1997 there were, on average 126 automobile crashes with utility pole collisions in24
California, with 69 fatalities, 49 injuries, and 8 cases with property damage only (see below).25

26
1994 1995 1996 1997 Average

Fatal 75 69 63 68 69
Injury 53 39 58 44 49
No Injury 15 10 5 3 8
TOTAL 143 118 126 115 126

Fatal Accident Reporting System (FARS), 1994, 1995, 1996, 1997.  US
Department of Transportation, National Highway Safety Administration. 
FARS Web Site: www-fars.nhtsa.dot.gov, FARS Query System, February, 1999.27

28
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Percent of Utility Poles that are Electrical Utility Poles1
2

The U.S. Department of Transportation FARS data distinguishes between light posts, sign posts, and utility3
posts, but it does not distinguish between electrical and other utility posts (telephone and cable).  However,4
one can assume that most utility posts are electrical utility poles or poles that carry multiple utility lines.5
The user can choose between three values: Low (80%), Medium (90%), and High (100%).6

7
8

Total Miles of Overhead Lines9
10

This single value specifies the total miles of overhead transmission and distribution lines in California.11
According to data provided to the CPUC (Utilities Report to the CPUC, 1997), investor owned utilities12
(IOUs) operate some 250,000 miles of overhead lines.  According to the California Energy Commission13
(1998), the IOUs own approximately 78% of California's transmission and distribution system (California14
Energy Commission, 1998). Therefore, California has approximately 320,000 miles of overhead15
distribution lines.  If we add 43,000 miles of overhear transmission lines, California has 363,000 miles of16
overhead lines.  There are also about 100,000 miles of underground lines, most of which are distribution17
lines.18

19
Utilities Report to the CPUC, 1997.20

21
California Energy Commission, website: www.energy.ca.gov/electricity/system_power.html, 199822

23
24

Percent Pole Removal25
26

Not all poles will necessarily be removed when an overhead line is undergrounded.  For example, poles that27
carry street lights will either remain to provide light, or they will be replaced by light poles.  The model lets28
the user choose between 50% (low), 75% (medium) and 100% (high) pole removal.29

30
31

Poles Per Mile32
33

The number of poles can vary as a function of the weight of the line and other factors from 10 per mile to34
20 per mile.  As a default, the model uses 20 poles per mile.35

36
William Gray, Consultant to Decision Insights, Inc. Personal communication, August, 1998.37

38
39
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Model – Criteria – Accidents: Public – Injuries due to Pole Collisions1
2
3
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4
5

Injuries due to Utility Pole Collisions6
7

This model estimates injuries due to utility pole collisions.  The key variable is “Injury Risk per Pole.”  It8
depends on the “Injuries from Utility Pole Collisions" in California (CA), the “Percent of Utility Poles9
that are Electrical Utility Poles,” the “Total Miles of OH Lines,” and the “Number of Poles per Mile.”10

11
The “Injury Risk per Mile” for overhead design is the product of the injury risk per pole times the number12
of poles per mile.  The “Injury Risk per Mile” for undergrounding an existing overhead line is the13
residual risk, once the poles for overhead distribution are removed.  If all poles are removed, this residual14
risk is zero.  However, some poles may remain, to support existing structures or non-electrical utilities.15

16
17

Injuries from Utility Pole Collisions18
19

Between 1994 and 1997 there were, on average 126 automobile crashes with utility pole collisions in20
California, with 69 fatalities, 49 injuries, and 8 cases with property damage only (see below).21

22
1994 1995 1996 1997 Average

Fatal 75 69 63 68 69
Injury 53 39 58 44 49
No Injury 15 10 5 3 8
TOTAL 143 118 126 115 126

Fatal Accident Reporting System (FARS), 1994, 1995, 1996, 1997.  US
Department of Transportation, National Highway Safety Administration. 
FARS Web Site: www-fars.nhtsa.dot.gov, FARS Query System, February, 1999.23

24
25
26
27
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Percent of Utility Poles that are Electrical Utility Poles1
2

The U.S. Department of Transportation FARS data, distinguishes between light posts, sign posts, and utility3
posts, but it does not distinguish between electrical and other utility posts (telephone and cable).  However,4
one can assume that most utility posts are electrical utility poles or poles that carry multiple utility lines.5
The user can choose between three values: Low (80%), Medium (90%), and High (100%).6

7
8

Total Miles of Overhead Lines9
10

This single value specifies the total miles of overhead transmission and distribution lines in California.11
According to data provided to the CPUC (Utilities Report to the CPUC, 1997), investor owned utilities12
(IOUs) operate some 250,000 miles of overhead lines.  According to the California Energy Commission13
(1998), the IOUs own approximately 78% of California's transmission and distribution system (California14
Energy Commission, 1998). Therefore, California has approximately 320,000 miles of overhead15
distribution lines.  If we add 43,000 miles of overhear transmission lines, California has 363,000 miles of16
overhead lines.  There are also about 100,000 miles of underground lines, most of which are distribution17
lines.18

19
Utilities Report to the CPUC, 1997.20

21
California Energy Commission, website: www.energy.ca.gov/electricity/system_power.html, 199822

23
24

Percent Pole Removal25
26

Not all poles will necessarily be removed when an overhead line is undergrounded.  For example, poles that27
carry street lights will either remain to provide light, or they will be replaced by light poles.  The model lets28
the user choose between 50% (low), 75% (medium) and 100% (high) pole removal.29

30
31

Poles Per Mile32
33

The number of poles can vary as a function of the weight of the line and other factors from 10 per mile to34
20 per mile.  As a default, the model uses 20 poles per mile.35

36
 Source:  William Gray, Consultant to Decision Insights, Inc. Personal communication, August, 1998.37

38
39
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Model – Criteria – Accidents: Public – Electrocutions1
2
3
4
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5
6

Electrocutions (Public)7
8

This model builds on the “Electrocution Rate per 100,000” population in the U.S. (about 0.30) and9
calculates the “Number of Electrocutions in CA”  by multiplying the rate by 300 (assuming 30 million10
people in California).  It then allocates a percentage of this number to overhead lines and to underground11
lines.  Using the respective  “Total Miles of OH (UG) Lines,”  the model then normalizes the resulting12
electrocutions to a “Number of Electrocutions per Mile of OH and UG Lines.”   The remaining13
calculations make adjustments for the length of the line, the life of the line (default: 35 years) and the loss14
of life expectancy.15

16
17
18
19
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1
Electrocution Rate per 100,0002

3
The Statistical Abstracts of the United States (1994) state that there were 670 electrocutions in the U.S. in4
1990 – a number that has been steadily declining.  Using this number results in a rate of 0.3 electrocutions5
per 100,000 population in the U.S.6

7
8

Number of Electrocutions in CA9
10

Multiplying the electrocution rate by 300 to reflect the 30 million population of California results in 9011
electrocutions.  We need to subtract from this number the cases of worker electrocution (see the worker12
electrocution model) which amounted to 25 cases per year.  Thus the net estimate of public electrocutions13
for California is 65.14

15
16

Percent of Electrocutions due to OH Lines17
18

Data by the California Division of Labor Statistics Research (1998) suggest that about 46% of worker19
electrocutions are due to overhead line contact.  This is probably an upper bound for public electrocutions,20
which are more likely to occur in or around the house.  The model has three possible values for the percent21
of electrocutions due to OH lines: 20% (low), 30% (medium), and 50% (high).  At 30%, this would result22
in an estimated 0.30*65=19.5 electrocutions.23

24
Worker Fatalities due to Contact with Electric Current (1992-1996)25

26
OH Lines Appliances Other Percent OH27

1992 13 7 5 52%28
1993 10 8 8 38%29
1994 10 4 10 42%30
1995 11 2 10 47%31
1996 14 3 10 52%32

33
Av. 11.6 4.8 8.6 46%34

35
California Division of Labor Statistics and Research.  Census of Fatal Occupational Injuries.  San36
Francisco, Web Site: www.dir.ca.gov/DIR/S&R/table1.html, 1998.37

38
39

Percent of electrocutions due to UG Lines40
41

There is no data that directly identifies electrocutions due to contact with underground cables.  A 199542
CPUC report states that there were 2 electrocutions in California in one year due to this type of contact.  It43
is not known whether these electrocutions were public or worker cases.  Assuming that one case per year is44
a public electrocution, this would be 5% of the estimated public OH electrocutions.  Using this 5% as a45
benchmark, the model uses 1% (low), 1.5% (medium) and 2.5% (high) as scenario settings for the46
percentage of public electrocutions due to underground lines.47

48
49
50
51
52
53
54
55
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Total Miles of Overhead Lines1
2

This single value specifies the total miles of overhead transmission and distribution lines in California.3
According to data provided to the CPUC (Utilities Report to the CPUC, 1997), investor owned utilities4
(IOUs) operate some 250,000 miles of overhead lines.  According to the California Energy Commission5
(1998), the IOUs own approximately 78% of California's transmission and distribution system (California6
Energy Commission, 1998). Therefore, California has approximately 320,000 miles of overhead7
distribution lines.  If we add 43,000 miles of overhear transmission lines, California has 363,000 miles of8
overhead lines.  There are also about 100,000 miles of underground lines, most of which are distribution9
lines.10

11
Utilities Report to the CPUC, 1997.12

13
California Energy Commission, website: www.energy.ca.gov/electricity/system_power.html, 199814

15
16

Total Miles of UG Lines17
18

This single value specifies the total miles of underground lines in California. According to data provided to19
the CPUC (Utilities Report to the CPUC, 1997), investor owned utilities (IOUs) operate some 80,000 miles20
of underground lines.  According to the California Energy Commission (1998), the IOUs own21
approximately 82% of California's transmission and distribution system (California Energy Commission,22
1998). Therefore, California has approximately 100,000 miles of underground lines.23

24
Utilities Report to the CPUC, 1997.25

26
California Energy Commission, website: www.energy.ca.gov/electricity/system_power.html, 199827

28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
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1
2
3
4

Model – Criteria – Accidents: Workers5
6
7

Construction

Fatal i t ies

Construction

Injuries

Hea l th  E f fec ts :
Acc idents

Electrocutions
(Workers)

8
9

Accidents: Workers10
11

This model estimates the worker fatalities and injuries due to construction, for example, when12
undergrounding an existing transmission or distribution line.  In addition, the model estimates the worker13
fatality risk due to electrocutions.14



40

Model – Criteria – Accidents: Worker – Construction Fatalities1
2
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3
4

Construction Fatalities (Injuries)5
6

The “Construction Fatalities (Injuries) (Total)” depend on the “Number of Worker-Days of7
Construction Per Mile” and the “Annual Fatality Risk: Construction.”  The “Number of Worker-8
Days of Construction Per Mile” depend on the alternative chosen.  In general, undergrounding has the9
largest number of construction days, but other alternatives like split phasing, raising the pole height, etc,10
will also involve construction.  For fatalities, the “Loss of Life Expectancy due to Construction11
Fatalities” is then calculated from the total construction fatalities.12

13
14

Annual Fatality (Injury) Risk: Construction15
16

According to the Bureau of Labor Statistics (1994), the annual fatality risk from construction is 0.00033.17
The user can update this number as more recent information or information that is specific to utility18
construction becomes available. The annual risk of a serious injury is 0.067 (Bureau of Labor Statistics,19
1993).20

21
Bureau of Labor Statistics. Fatal Workplace Injuries in 19934: Data and Analysis.  Washington, DC: U.S.22
Department of Labor, 1994.23

24
Bureau of Labor Statistics.  Occupational injuries and illnesses in the United States by Industry.25
Washington, DC: U.S. Department of Labor, 1993.26
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1
2

Number of Worker-Days of Construction Per Mile3
4

This table lets the user edit the number of worker-days of construction per mile for three scenarios (low,5
medium, high) and each alternative that involves construction.  The estimates in the table were obtained6
from William Gray, a consultant to Decision Insights, Inc.  The default is the medium scenario.7

8
Worker-Days of Construction per mile:9

10
Overhead Transmission – Pole: 30 (low), 35 (medium), 40 (high)11
Overhead Transmission – Towers: 200 (low), 250 (medium), 300 (high)12
Overhead Distribution – Pole: 15 (low), 20 (medium), 30 (high)13
Underground Transmission: 1800 (low), 3,000 (medium), 5000 (high)14
Underground Distribution: 35 (low), 40 (medium), 50 (high)15

16
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Model – Criteria – Accidents: Workers – Construction Injuries1
2
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3
4

Construction Fatalities (Injuries)5
6

The “Construction Fatalities (Injuries) (Total)” depend on the “Number of Worker-Days of7
Construction Per Mile” and the “Annual Fatality Risk: Construction.”  The “Number of Worker-8
Days of Construction Per Mile” depend on the alternative chosen.  In general, undergrounding has the9
largest number of construction days, but other alternatives like split phasing, raising the pole height, etc,10
will also involve construction.  For fatalities, the “Loss of Life Expectancy due to Construction11
Fatalities” is then calculated from the total construction fatalities.12

13
14

Annual Fatality (Injury) Risk: Construction15
16

According to the Bureau of Labor Statistics (1994), the annual fatality risk from construction is 0.00033.17
The user can update this number as more recent information or information that is specific to utility18
construction becomes available. The annual risk of a serious injury is 0.067 (Bureau of Labor Statistics,19
1993).20

21
Bureau of Labor Statistics. Fatal Workplace Injuries in 19934: Data and Analysis.  Washington, DC: U.S.22
Department of Labor, 1994.23

24
Bureau of Labor Statistics.  Occupational injuries and illnesses in the United States by Industry.25
Washington, DC: U.S. Department of Labor, 1993.26

27
28

Number of Worker-Days of Construction Per Mile29
30

This table lets the user edit the number of worker-days of construction per mile for three scenarios (low,31
medium, high) and each alternative that involves construction.  The estimates in the table were obtained32
from William Gray, a consultant to Decision Insights, Inc.  The default is the medium scenario.33

34
Worker-days of Construction per mile:35

36
Overhead Transmission – Pole: 30 (low), 35 (medium), 40 (high)37
Overhead Transmission – Towers: 200 (low), 250 (medium), 300 (high)38
Overhead Distribution – Pole: 15 (low), 20 (medium), 30 (high)39
Underground Transmission: 1800 (low), 3,000 (medium), 5000 (high)40
Underground Distribution: 35 (low), 40 (medium), 50 (high)41

42
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Model – Criteria – Accidents: Workers - Electrocutions1
2
3
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4
5

Electrocution (Workers)6
7

This model builds on an estimate of the annual “Number of OH Electrocutions in California (Workers)”8
due to contact with overhead lines and the “Number of UG Electrocutions in California (Workers)” due9
to contact with underground lines.  It converts the annual number of electrocutions into a “Number of10
Electrocutions per Mile of OH and UG Lines” by using the respective “Total Miles of OH Lines” and11
the “Total Miles of UGLines” in California, then calculates the  “Total Annual Number of12
Electrocutions from OH and UG Lines" by multiplying the length of the line with the per-mile risk.  The13
remaining calculations extrapolate this result to the lifetime of the line (default: 35 years) and reductions in14
life expectancy.15

16
17
18
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Number of OH Electrocutions in CA (Workers)1
2

This model includes electrocution risks both from line workers and other workers that may come in contact3
with power lines. The best statistics for this purpose come from the California Division of Labor Statistics4
Research (1998):5

6
Worker Fatalities due to Contact with Electric Current (1992-1996)7

8
OH Lines Appliances Other9

1992 13 7 510
1993 10 8 811
1994 10 4 1012
1995 11 2 1013
1997 14 3 1014
Av. 11.6 4.8 8.615

16
California Division of Labor Statistics and Research.  Census of Fatal Occupational Injuries.  San17
Francisco, Web Site: www.dir.ca.gov/DIR/S&R/table1.html, 1998.18

19
20

Number of UG Electrocutions in CA (Workers)21
22

None of the labor risk statistics bracket out underground cables as a source of worker electrocutions.  The23
“Other” category of the California Division of Labor Statistics and Research includes contact with wiring,24
transformers and other electrical components.  One source (CPUC, 1985) list 2 electrocutions due to25
contact with underground lines in one year, but it is unclear whether these were workers or members of the26
public.  The model uses three values -- 0 (low), 1 (medium) and 2 (high) -- for the estimated number of27
electrocutions due to underground cables in California.28

29
Total Miles of Overhead Lines30

31
This single value specifies the total miles of overhead transmission and distribution lines in California.32
According to data provided to the CPUC (Utilities Report to the CPUC, 1997), investor owned utilities33
(IOUs) operate some 250,000 miles of overhead lines.  According to the California Energy Commission34
(1998), the IOUs own approximately 78% of California's transmission and distribution system (California35
Energy Commission, 1998). Therefore, California has approximately 320,000 miles of overhead36
distribution lines.  If we add 43,000 miles of overhear transmission lines, California has 363,000 miles of37
overhead lines.  There are also about 100,000 miles of underground lines, most of which are distribution38
lines.39

40
Utilities Report to the CPUC, 1997.41

42
California Energy Commission, website: www.energy.ca.gov/electricity/system_power.html, 199843

44
Total Miles of UG Lines45

46
This single value specifies the total miles of undergrund lines in California. According to data provided to47
the CPUC (Utilities Report to the CPUC, 1997), investor owned utilities (IOUs) operate some 80,000 miles48
of underground lines.  According to the California Energy Commission (1998), the IOUs own49
approximately 82% of California's transmission and distribution system (California Energy Commission,50
1998). Therefore, California has approximately 100,000 miles of underground lines.51

52
Utilities Report to the CPUC, 1997.53

54
California Energy Commission, website: www.energy.ca.gov/electricity/system_power.html, 199855
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Total Project Cost – TPC1
2

This model estimates the “Total Project Cost,” i.e., the design, engineering, and construction costs, of the3
alternatives considered based on data by Enertech Consultants (1998a, 1998b).  The use of these documents4
to estimate costs for the Analytica model is described in Decision Insights, Inc., 1999, Appendix C (Cost).5
To understand the component estimates (e.g., engineering/permitting, pole installation/removal, cable cost)6
users of this model are referred to the two Enertech sources.  Model users can also specify the total project7
costs directly using “Fixed TPC (User-Defined)” and “TPC per Mile (User Defined).”  To specify the8
source for the TPC calculations, the user can choose between "Enertech" and "User-Defined" in the9
"Choose: TPC Sources" node.  If Enertech's data are used, the user can also specify whether to use a low,10
medium, or high value from the "Choose Enertech Scenario" node.11

12
The number and nature of individual TPC components depend on the particular scenario, in particular what13
mitigation options are considered.  For example, the TPC components for undergrounding are very14
different from those of split-phasing.  Thus, users would have to make substantial changes to this module if15
a new scenario were to be constructed and if they would like to explicitly model the individual cost16
components (by using the Enertech reports, for example).  On the other hand, the user can always supply17
fixed and variable (per mile) cost components and choose to run the model with the user supplied values.18
This is achieved by choosing "User-Defined" from the "TPC Sources" node.19

20
For some alternatives the model assumes the need for capital upgrades to assure that the line can be used21
for the projected life (default: 35 years).  For example, if an existing overhead line is 30 years old, the22
model allows the user to specify the upgrade cost to assure that this line will have an additional lifetime of23
35 years.  For new lines, we assume a 35 year life without capital upgrades.24

25
Enertech Consultants.  Electric and Magnetic Field Exposure Assessment of Powerline and Non-Powerline Sources for26
Public School Environments.  DRAFT, October 1998a.27

28
Enertech Consultants, Magnetic Field Mitigation Cost Estimates, DRAFT, June 1998b.29

30
Decision Insights, Inc.  Power Grid and Land Use Policy Analysis, Appendix C (Cost).  DRAFT, 1999.31

32
33

Engineering/Permitting (k1)34
35

This cost component reflects the cost of engineering (including construction management), permits, etc.36
expressed as a percentage of the total project cost.  The default value is 15% for raising the poled height37
and conversion to a compact delta configuration, and 25% for undergrounding (see Decision Insights, Inc.,38
1999).  This TPC component applies to all mitigation options.39

40
Decision Insights, Inc.  Power Grid and Land Use Policy Analysis, Appendix C (Cost).  DRAFT, 1999.41

42
43

Installation/Removal of Poles (Raise Height, k2)44
45

For the "Raise Pole Height" mitigation option, this TPC component reflects the cost of taller poles,46
including the installation of new and the removal of old poles.  The default value is $4,175 (see Decision47
Insights, Inc, 1999, Appendix C).  In order to calculate the per-mile cost, the model assumes a default value48
of 300 feet for the span width.  This value can be changed in the "Span Width" node.49

50
Decision Insights, Inc.  Power Grid and Land Use Policy Analysis, Appendix C (Cost).  DRAFT, 199951

52
53
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1
Labor/Materials (Compact DELTA, k2)2

3
For the "Compact DELTA" mitigation option, this component reflects the cost of labor and materials need4
to move the conductors and insulators.  The default value is $1,750 per pole (see Decision Insights, Inc,5
1999, Appendix C).6

7
Decision Insights, Inc.  Power Grid and Land Use Policy Analysis, Appendix C (Cost).  DRAFT, April, 1999.8

9
10

Cable Cost (Underground, k2)11
12

For the "Underground" mitigation option, this component accounts for the cable cost.  The default value is13
$4.77 per foot (see Decision Insights, Inc, 1999, Appendix C).  Note: This component has to be applied to14
each conductor.15

16
Decision Insights, Inc.  Power Grid and Land Use Policy Analysis, Appendix C (Cost).  DRAFT, April, 1999.17

18
19

Transformers (Underground, k7)20
21

For the "Underground" mitigation option, this component reflects the cost of primary transformers.  The22
default value is $9,410 per transformer.  The distance between transformers is assumed to be 200 feet.  (see23
Decision Insights, Inc, 1999, Appendix C).24

25
Decision Insights, Inc.  Power Grid and Land Use Policy Analysis, Appendix C (Cost).  DRAFT, 1999.26

27
28

Splicing (Underground, k7’)29
30

For the "Underground" mitigation option, this component reflects the cost of splicing together cable31
sections, which are limited in length to at most about 1/2 mile.  The default value is $8.64 per foot (see32
Decision Insights, Inc, 1999, Appendix C).33

34
Decision Insights, Inc.  Power Grid and Land Use Policy Analysis, Appendix C (Cost).  DRAFT, 1999.35

36
37

UG/OH Transition (Underground, kug/oh)38
39

For the "Underground" mitigation option, this component reflects the cost of each UG/OH transition.  This40
includes a 600A/200A splice, a 3-phase pot head, and a fuse.  The default value is $4,500 (see Decision41
Insights, Inc, 1999, Appendix C).42

43
Decision Insights, Inc.  Power Grid and Land Use Policy Analysis, Appendix C (Cost).  DRAFT, 1999.44

45
46

Road/Railroad Crossings (Underground, k8)47
48

For the "Underground" mitigation option, this component reflects the cost of road and railroad crossings49
with a default value of $5.68 per foot  (see Decision Insights, Inc, 1999, Appendix C).50

51
Decision Insights, Inc.  Power Grid and Land Use Policy Analysis, Appendix C (Cost).  DRAFT, 1999.52

53
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1
Manholes (Underground, k10)2

3
For the "Underground" mitigation option, this component reflects the cost of manholes.  The default value4
is $2,100 per manholes.  The average distance between manholes is assumed to be 600 feet.5

6
Decision Insights, Inc.  Power Grid and Land Use Policy Analysis, Appendix C (Cost).  DRAFT, 1999.7

8
Excavation (Underground, k11)9

10
For the "Underground" mitigation option, this component reflects the excavation cost, which will vary11
depending on the physical characteristics of the scenario modeled (e.g., soil conditions).  The default value12
is $22.32/foot (see Decision Insights, Inc, 1999, Appendix C).13

14
Decision Insights, Inc.  Power Grid and Land Use Policy Analysis, Appendix C (Cost).  DRAFT, 1999.15

16
17

Dismantling of Existing OH Lines (Underground, kdm)18
19

For the "Underground" mitigation option, this component reflects the cost of dismantling existing overhead20
lines with a default value of $8.28 per foot (see Decision Insights, Inc, 1999, Appendix C).21

22
Decision Insights, Inc.  Power Grid and Land Use Policy Analysis, Appendix C (Cost).  DRAFT, 1999.23

24
25
26
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1
Model – Criteria – O&M2

3

O&M
(Total)

Possible
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O&M

Choose
Scenario:

O&M

Total Annual
O&M Cost
(per Mile)

Annual O&M

User Defined
Annual O&M

per Mile

Choose O&M
Source

(Scenarios
vs. User)

O&M
Sources

4
5
6

O&M7
8

The operation and maintenance (O&M) cost can be either specified by selecting one of three scenarios or9
directly defined by the user.  The costs are specified on an annual per-mile basis.10

11
12

Total Annual O&M Cost (per Mile)13
14

The O&M costs tend to be somewhat lower for transmission lines than for distribution lines, but both costs15
are within the range of the scenarios.  Some lower costs have been reported by individual utilities (e.g.,16
SCE reports about $500 per mile for OH and UG distribution lines).  Also, some higher costs have been17
reported (e.g., SDG&E reports about $5,000 per mile for distribution lines, due to a large charge for tree18
trimming in one year).  However, O&M ranges shown in the table below cover most of the data reported by19
the California IOUs and by Gorham and Partners (1995).20

21
Annual O&M costs per mile22

23
OH UG24

High $2,500 $2,00025
Medium $1,800 $1,50026
Low $1,000 $1,00027

28
Sources:29

30
Investor Owned Utilities.  Report to the CPUC, 1998.31

32
Gorham and Partners.  An analysis of the economics of undergrounding in the European electric utility33
sector.  London: Gorham and Partners, 1995.34

35
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1
Model - Criteria - Conductor Losses2

3

Power Cost
Power Loss

per Foot

Annual Power
 Losses

Cost Due to

Power
Losses
(Total)

Annual Cost
Due to Power

Losses

4
5

Conductor Losses6
7

This model calculates the cost due to conductor losses.  The main input factors are the "Power Loss per8
Foot" and the "Power Cost."  Both variables have to be specified by the user.  Details are given below.9
The model then calculates the "Annual Power Losses" and the "Annual Cost Due to Power Losses."10
Finally, the annual cost are multiplied by the projected life (default value: 35 years) to come up with the11
"Cost Due to Power Losses (Total)."  Some aspects of the power loss calculations (in particular the12
specification of "Power Loss per Foot") are quite complex and the user is referred to the two Enertech13
documents cited below that provide more detail about various assumptions (e.g., about the materials used in14
different conductors).15

16
Enertech Consultants.  Electric and Magnetic Field Exposure Assessment of Powerline and Non-Powerline Sources for17
Public School Environments.  DRAFT, October 1998a.18

19
Enertech Consultants, Magnetic Field Mitigation Cost Estimates, DRAFT, June 1998b.20
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1
Power Loss per Foot2

3
The "Power Loss per Foot" (in W/ft) is calculated from the peak current I (in Amperes), the conductor4
resistance R (in Ohms per mile), the number of conductors NC, and a loss factor LF.  The formula is as5
follows:6

7
Power Loss per Foot = I2 x R x NC x LF.8

9
For underground lines, dielectric losses are an additional factor that contributes to power losses.10

11
The following example illustrates how the "Power Loss per Foot" is calculated for different peak currents12
and for overhead and underground lines in a distribution line scenario.13

14
Illustration:15
Assuming a peak current of 600 Amperes, three conductors and a loss factor of 0.33, the "Power Loss per16
Foot" would be:17
Power Loss per Foot = (600)2 x 0.00002519 x 3 x 0.33 = 8.9818
The resistance value of 0.00002519 is based on a resistance of 0.133 Ohm/mile (see Enertech reports).19
For XLPE, the "Power Loss per Foot" would be calculated as follows:20
Power Loss per Foot = (600)2 x 3 x 0.00002879 x 0.33 + 0.91 = 11.1721
The resistance is "scaled" from the resistance value used in the overhead case, using the relative power22
losses per foot provided by Enertech.  In this case, the scaling factor is (31.09)/27.2.  The additional 0.9123
W/ft accounts for dielectric losses (again, this value is taken from the Enertech report).24

25
Enertech Consultants.  Electric and Magnetic Field Exposure Assessment of Powerline and Non-Powerline Sources for26
Public School Environments.  DRAFT, October 1998a.27

28
Enertech Consultants, Magnetic Field Mitigation Cost Estimates, DRAFT, June 1998b.29

30
Power Cost31

32
The "Power Cost" reflects the marginal cost to a utility to provide one kWh of power.  The default value33
is $0.03.34

35



52

1
Model – Criteria – Contingencies2

3

Service
Reliabil i ty

Annua l

Outage
Frequency

per mile

Average

Outage
Duration

Expec ted
Annua l

Outage
Duration

 (per mile)

Cont ingency

Hours
(Total)

Annua l

Cont ingency
Hours

4
5
6

Contingencies7
8

This model calculates the contingency hours due to transmission line outages.  A contingency is a9
vulnerable state of the transmission line system due to an outage of a line in this system.  Even though there10
may not be any customer disruptions, a contingency is undesirable, because another outage could lead to11
severe disruptions.  The model calculates the product of an estimated “Annual Outage Frequency per12
Mile” of transmission line with the “Average Outage Duration” to obtain the “Expected Annual Outage13
Duration (per mile) and the “Annual Contingency Hours.”14

15
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1
Annual Outage Frequency per mile2

3
This table lets the user edit the annual outage frequency for overhead and underground lines for the voltage4
class and configuration considered in the scenario.  The default values come from the Canadian Electricity5
Association (1991-1995) data as reported in Billinton et al. (1995) and checked against data reported by6
EPRI (1997).  The reported frequencies are for line or cable outages only (not included are outages7
originating with a failure of terminals, transformer banks, etc.).  Only sustained outages (> 1min) are8
considered.9

10
Following are the frequency data calculated from the CEA database (CEA, 1995, 1996) and Billinton et al.11
(1995).  All overhead distribution line (OH-DL) data refer to 601-80 kV lines.  Underground distribution12
lines (UG-DL) are from 17-80 kV lines (mostly 17-40 kV, primarily XLPE).13

14
Line Type Frequency/Mile/Year15

16
UG-DL 0.048917
UG-115 0.005818
UG 230 0.003319

20
OH-DL 0.046421
OH-115 0.004022
OH-230 0.001623

24
Canadian Electricity Association.  Forced Outage Performance of Distribution Equipment (1991-1992).25
Montreal, CA: CEA, 1995.26

27
Canadian Electricity Association.  Forced Outage Performance of Transmission Equipment (1991-1995).28
Montreal: CEA, 1996.29

30
Billinton, R. and Wenyuan, L.  Reliability Assessment of Electric Power Systems Using Monte Carlo31
Methods.  New York: Plenum Press, 1994.32

33
Electric Power Research Institute.  Application of EPRI's Transmission Reliability Evaluation for Large-34
Scale Systems (TRELSS) Program to Bonneville Power Administration.  TR-108815.  Palo Alto: EPRI,35
1997.36

37
Billinton, R. et al.  Transmission Equipment Reliability Using the Canadian Electricity Association38
Information System.  The Reliability of Transmission and Distribution Equipment, March 29-3139
Conference Publication No. 406, IEE, 1995.40

41
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1
Average Outage Duration2

3
This table lets the user edit outage durations by line type and OH vs. UG classification.   The default values4
come from the Canadian Electricity Association (1991-1995) data as reported in Billinton et al. (1995) and5
checked against data reported by EPRI (1997).  The reported frequencies are for line or cable outages only6
(not included are outages originating with a failure of terminals, transformer banks, etc.).  Only sustained7
outages (> 1min) are considered.8

9
Following are the outage durations calculated from the CEA database (CEA, 1995, 1996) and Billinton et10
al. (1995).  All overhead distribution line (OH-DL) data refer to 12-80 kV lines.  Underground distribution11
lines (UG-DL) are from 17-80 kV lines (mostly 17-40 kV, primarily XLPE).12

13
Line Type Outage Duration/Occurrence (h)14

15
UG-DL 3.616
UG-115 79.117
UG 230 111.718

19
OH-DL 2.520
OH-115 6.921
OH-230 15.022

23
Canadian Electricity Association.  Forced Outage Performance of Distribution Equipment (1991-1992).24
Montreal, CA: CEA, 1995.25

26
Canadian Electricity Association.  Forced Outage Performance of Transmission Equipment (1991-1995).27
Montreal: CEA, 1996.28

29
Billinton, R. and Wenyuan, L.  Reliability Assessment of Electric Power Systems Using Monte Carlo30
Methods.  New York: Plenum Press, 1994.31

32
Electric Power Research Institute.  Application of EPRI's Transmission Reliability Evaluation for Large-33
Scale Systems (TRELSS) Program to Bonneville Power Administration.  TR-108815.  Palo Alto: EPRI,34
1997.35

36
Billinton, R. et al.  Transmission Equipment Reliability Using the Canadian Electrical Association37
Information System.  The Reliability of Transmission and Distribution Equipment, March 29-3138
Conference Publication No. 406, IEE, 1995.39

40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
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Model – Criteria – Customer Interruptions1
2
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3
4

Customer Interruptions5
6

This model calculates the total “Person-Hours of Customer Interruptions (Total)” based on the7
“Number of Interrupted Customers per Mile,” the “Number of Persons per Customer,”  and “SAIDI”8
values.9

10
11

California Energy Commission, website: www.energy.ca.gov/electricity/system_power.html, 199812
13
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1
Model – Criteria – Property Values2
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5
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1
Property Values2

3
Because so little is known about the property values impact of electromagnetic fields exposure, the4
property values model is highly scenario driven.  It divides property values impacts into those due to an5
EMF effect (left side of the diagram) and a non-EMF effect, e.g. due to aesthetics, noise, and radio6
interference (middle of the diagram).  As a benchmark, the high-quality property values studies suggest that7
there is a property value reduction of around 5-6% for properties near transmission lines, mostly due to the8
visual impacts (see Hamilton and Schwann, 1995; Gregory and von Winterfeldt, 1996).9

10
Based on a user-selected choice of a “Possible Scenario: Property Values”  (top of the diagram) the11
model determines the “Relative EMF Impact (Immediate)” and the “Relative Non-EMF Impact12
(Immediate)” in percent depreciation or appreciation.  The model also defines the “Relative EMF Impact13
(Research Known),” which is a function of the outcome of future EMF research (i.e, positive, conflicting,14
or negative).  If research is negative, the properties that are now undervalued due to an EMF effect would15
appreciate, if research remains conflicting, they would stay the same, and if research is positive, they may16
be further reduced.17

18
The sum of the EMF and non-EMF impacts are determined separately for each research scenario.  With19
user specified probabilities of the possible research outcomes (“Probability(Research)”) an expected20
percent depreciation or appreciation is calculated for a defined year when research becomes known21
(“Year: Research Known”).  With these calculations, the “Total Non-EMF Impact” and the “Total22
EMF Impact” can be calculated in percent.23

24
Other variables that determine the total property value depreciation or appreciation are the  “Number of25
Homes per Mile” of transmission or distribution line and the “Average Property Value” of a home.26
Given the total non-EMF impact and the total EMF impact, the number of homes per mile, the number of27
miles, and the average property value, the model then calculates the “Total Impact on Property Values.”28

29
The "Choose Reference Point" option allows the user to choose whether the model uses the relative30
impacts on property values "as defined" or "switched."  For example, if relative impacts are defined as31
gains for undergrounding a line segment in the "Relative EMF Impact (Immediate)," "Relative Non-32
EMF Impact (Immediate)," and "Relative EMF Impact (Research Known)" variables then choosing33
"Switched" from the "Choose Reference Point" option will reverse the calculations by penalizing line34
segments that are not underground with the corresponding cost.35

36
The illustrative use of the property values model is for distribution lines. In the transmission line retrofitting37
model, higher depreciation or appreciation values are used throughout.  All retrofitting models use38
appreciation, when a mitigation alternative eliminates the negative impacts on property values or when39
research is negative, depreciation in case of positive research.  Also note that mitigation measures that are40
not likely to affect the perception of the EMF exposure (such as delta configuration or raising the pole41
height) are not credited with appreciation.  New Transmission line models use depreciation for construction42
that creates new impacts on property values.43

44
DISCLAIMER:  All values are based on very limited data.  Most high-quality property values show some45
depreciation of properties near transmission lines, though much less is known about distribution lines.46
Most of the depreciation appears to be due to visual impacts.  It is impossible to determine the effect of47
EMF risks or fears that they may have produced on property values.  As a result, the users should revisit48
and re-assess all appreciation and depreciation percentages in these tables to reflect their own judgments.49

50
51

Hamilton, S. and Schwann, G.  Do high voltage transmission lines affect property value?  Land Economics,52
71, 1995, 436-44.53

54
Gregory, R. and von Winterfeldt, D.  The effects of electromagnetic fields from transmission lines on55
public fears and property values.  Journal of Environmental Management, 48, 1996, 201-214.56
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1
Relative EMF Impact (Immediate)2

3
The low, medium, and high scenarios for distribution lines are4

5
No Change: 0% (low), 0% (medium), 0% (high)6
Compact Delta: 0% (low), 0% (medium), 0% (high)7
Raise Height: 0% (low), 0% (medium), 0%(high)8
Underground: 0% (low), -2.5% (medium), -5% (high)9

10
11

Relative Non-EMF Impact (Immediate)12
13

The low, medium, and high scenarios for distribution lines are14
15

No Change: 0% (low), 0% (medium), 0% (high)16
Compact Delta: 0% (low), 0% (medium), 0% (high)17
Raise Height: 0% (low), 0% (medium), 0%(high)18
Underground: 0% (low), -2.5% (medium), -5% (high)19

20
21

Relative EMF Impact (Research Known)22
23

Positive Research – low, medium and high values for distribution lines24
25

No Change: 0% (low), 5% (medium), 10% (high)26
Compact Delta: 0% (low), 5% (medium), 10% (high)27
Raise Height: 0% (low), 5% (medium), 10%(high)28
Underground: 0% (low), 0% (medium), 0% (high)29

30
Conflicting Research– low, medium and high values for distribution lines31

32
33

No Change: 0% (low), 0% (medium), 0% (high)34
Compact Delta: 0% (low), 0% (medium), 0% (high)35
Raise Height: 0% (low), 0% (medium), 0%(high)36
Underground: 0% (low), 0% (medium), 0% (high)37

38
Negative Research– low, medium and high values for distribution lines39

40
No Change: 0% (low), -2.5% (medium), -5% (high)41
Compact Delta: 0% (low), -2.5% (medium), -5% (high)42
Raise Height: 0% (low), -2.5% (medium), -5%(high)43
Underground: 0% (low), 0% (medium), 0% (high)44

45
46

Number of Homes per Mile47
48

The model counts only the homes directly located near the transmission or distribution lines.  The default49
value is 50 homes on each side of the line for a typical residential segment.  The user can control this input50
for each segment in the  “Design and Assumptions” menu.51

52
53
54
55
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1
Average Property Value2

3
This menu lets the user access a table that specifies the average property values by segments of the line.4
The geographic information systems study commissioned by DII (Impact Assessment, 1998), showed5
average property values near sub-transmission and transmission lines to range from about $125,000 to6
$185,000 in 1990.  Property values probably decreased during the 90s real estate recession, but may be7
somewhat higher now.  Typical values used in the model are $150,000 and $200,000 depending on8
segments.9

10
Impact Assessment.  GIS analysis of State-wide transmission lines.  La Jolla: Impact Assessment, Inc.,11
1999.12

13
14

Probability (Research)15
16

This table defines the probabilities for the three possible research outcomes: Positive, Conflicting, and17
Negative.  The default values are p(Positive)=.05, p(Conflicting)=.725, p(Negative)=.225.18

19
20

Year: Research Known21
22

This menu specifies the year when the research outcome will be known.  The default value is 14 years.  The23
user can change this to any number from 0 (now) to 35 (the useful lifetime of the transmission or24
distribution line).25

26
27

Choose Reference Point28
29

This option allows the user to choose whether the model uses the relative impacts on property values "as30
defined" or "switched."  For example, if relative impacts are defined as gains for undergrounding a line31
segment in the "Relative EMF Impact (Immediate)," "Relative Non-EMF Impact (Immediate)," and32
"Relative EMF Impact (Research Known)" variables then choosing "Switched" from the "Choose33
Reference Point" option will reverse the calculations by penalizing line segments that are not underground34
with the corresponding cost.35

36
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1
2

Model – Criteria – Property Losses3
4
5

P r o p e r t y
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F i r e s
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L o s s e s :

P o l e
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P r o p e r t y

I m p a c t s

6
7
8

Property Losses9
10

This model calculates the property losses due to fires and pole collisions.11
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1
Model – Criteria - Property Losses: Fires2

3
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4
5
6

Property Losses: Fires7
8

The model calculates the “Annual Fire Property Loss” due to transmission and distribution lines as a9
function of the annual “Total Property Losses due to Fires” (about $800 million/year) in California and10
the “Percent of Property Loss due to OH Lines.”  This percentage is uncertain (an upper bound is about11
11% for all electrical distribution sources).  To accommodate this uncertainty, the model lets the user input12
reasonable high and low scenarios for the “Percent of Property Loss due to OH Lines.”   With the13
“Annual Fire Property Loss due to OH Lines” for the whole state, and the statewide length of overhead14
lines, we can then calculate the  “Annual Fire Property due to OH Lines per Mile” of transmission and15
distribution lines.  Applying the length of miles for each segment of the scenario, we can then calculate the16
“Annual Fire Property Loss” summing over segments and, summing over years (with possible17
discounting) the “Fire Property Loss (Total)” can be determined.18

19
20
21
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1
2

Percent of Fires due to OH Lines3
4

According to the National Fire Data Center (1978) about 11% of all fires are due to electrical distribution.5
This includes overhead and underground transmission and distribution.  It is unclear whether this6
percentage includes wiring in buildings, but the data in the referenced report do not include electrical7
wiring in buildings as a separate source from “electrical distribution.”  In any case, the 11% figure is an8
upper bound for the percentage of fires due to distribution and transmission lines.  We further assume that9
all fires are due to overhead (OH) lines, none to underground (UG) lines and that the percent of fires is10
identical to the percent of fatalities (injuries).11

12
To reflect the uncertainties in the estimation of this percentage, the user can use three settings:13

14
Low:                 1%15
Medium:          5%16
High:               15%17

18
National Fire Data Center. Fire in the United States. Washington, DC: U.S. Department of Commerce,19
1978.20

21
22

Total Miles of Overhead Lines23
24

This single value specifies the total miles of overhead transmission and distribution lines in California.25
According to data provided to the CPUC (Utilities Report to the CPUC, 1997), investor owned utilities26
(IOUs) operate some 250,000 miles of overhead lines.  According to the California Energy Commission27
(1998), the IOUs own approximately 78% of California's transmission and distribution system (California28
Energy Commission, 1998). Therefore, California has approximately 320,000 miles of overhead29
distribution lines.  If we add 43,000 miles of overhear transmission lines, California has 363,000 miles of30
overhead lines.  There are also about 100,000 miles of underground lines, most of which are distribution31
lines.32

33
Utilities Report to the CPUC, 1997.34

35
California Energy Commission, website: www.energy.ca.gov/electricity/system_power.html, 199836

37
38

Total Property Losses Due to Fires39
40

This expression specifies the total property loss due to fires in one year in California.  The default value of41
$800 million is a 10 year average of actual property losses reported in California by the California Fire42
Marshal (1988).43

44
California State Fire Marshal.  California Fire Incident Reporting System.  Sacramento: Office of the State45
Fire Marshal, 1988.46

47
48
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Model – Criteria – Property Losses – Pole Collisions1
2
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of Pole

Collisions in
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Utility Poles

Scenarios:
Pole

Collisions
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Removal

Total Miles of
OH Lines

Collision Risk
per Pole

Poles Per
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Annual
Number of

Pole
Collisions

Number of
Pole

Collisions
(Total)

Choose
Scenario:

Pole
Collisions

Collision Risk
per Mile

3
4
5
6
7

Property Losses due to Pole Collisions8
9

This model estimates property losses due to utility pole collisions.  The key variable is “Collision Risk per10
Pole.”  It depends on the “Total Number of Pole Collisions in California (CA) ,” the “Percent of Utility11
Poles that are Electrical Utility Poles,” the “Total Miles of OH Lines,” and the “Number of Poles per12
Mile.”13

14
The “Collision Risk per Mile” for overhead design is the product of the collision risk per pole times the15
number of poles per mile.  The “Collision Risk per Mile” for undergrounding an existing overhead line is16
the residual risk, once the poles for overhead distribution are removed.  If all poles are removed, this17
residual risk is zero.  However, some poles may remain, to support existing structures or non-electrical18
utilities.19
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1
Total Number of Pole Collisions in CA2

3
Between 1994 and 1997 there were, on average, 126 automobile crashes with utility pole collisions in4
California, with 69 fatalities, 49 injuries, and 8 cases with property damage only (see below).5

6
1994 1995 1996 1997 Average

Fatal 75 69 63 68 69
Injury 53 39 58 44 49
No Injury 15 10 5 3 8
TOTAL 143 118 126 115 126

Fatal Accident Reporting System (FARS), 1994, 1995, 1996, 1997.  US
Department of Transportation, National Highway Safety Administration. 
FARS Web Site: www-fars.nhtsa.dot.gov, FARS Query System, February, 1999.7

8
9

Percent of Utility Poles that are Electrical Utility Poles10
11

The U.S. Department of Transportation FARS data distinguishes between light posts, sign posts, and utility12
posts, but it does not distinguish between electrical and other utility posts (telephone and cable).  However,13
one can assume that most utility posts are electrical utility poles or poles that carry multiple utility lines.14
The user can choose between three values: Low (80%), Medium (90%), and high (100%).15

16
17

Total Miles of Overhead Lines18
19

This single value specifies the total miles of overhead transmission and distribution lines in California.20
According to data provided to the CPUC (Utilities Report to the CPUC, 1997), investor owned utilities21
(IOUs) operate some 250,000 miles of overhead lines.  According to the California Energy Commission22
(1998), the IOUs own approximately 78% of California's transmission and distribution system (California23
Energy Commission, 1998). Therefore, California has approximately 320,000 miles of overhead24
distribution lines.  If we add 43,000 miles of overhear transmission lines, California has 363,000 miles of25
overhead lines.  There are also about 100,000 miles of underground lines, most of which are distribution26
lines.27

28
Utilities Report to the CPUC, 1997.29

30
California Energy Commission, website: www.energy.ca.gov/electricity/system_power.html, 199831

32
33

Percent Pole Removal34
35

Not all poles will necessarily be removed when an overhead line is undergrounded.  For example, poles that36
carry street lights will either remain to provide light, or they will be replaced by light poles.  The model lets37
the user choose between 50% (low), 75% (medium) and 100% (high) pole removal.38

39
40

Poles Per Mile41
42

The number of poles can vary as a function of the weight of the line and other factors from 10 per mile to43
20 per mile.  As a default, the model uses 20 poles per mile.44

45
Source:  William Gray, Consultant to Decision Insights, Inc. Personal communication, August, 1998.46
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Model – Criteria – Aesthetics1
2
3

Possible
Scenario:
Aesthetics

Aesthetics
(Total)

Choose
Scenario:
Aesthetics

Selection:

Aesthetics

Include
Aesthetics?

Impact on
Aesthetics

per Mile

4
5
6

Aesthetics7
8

This model provides a preliminary scale for the aesthetic impacts of powerlines based on several physical9
features.  The aesthetics scale “penalizes” lines that have a more obtrusive appearance (e.g., multiple10
circuits, lattice structure).  The scale is to measure the non-property values impact of aesthetics, for11
example, due to visual impacts on drivers or pedestrians passing through the area.12

13
At the core of the aesthetics model is a scoring system that expresses how much “worse” the aesthetic14
impact of a powerline is than a single circuit overhead (OH) configuration for a primary distribution line15
(without underbuilt secondaries or other service lines).  The scoring system is shown below.16

17
Single Double18
Circuit Circuit or Underbuilt19

20
OH-Lattice 3 421
OH-Tubular 2 322
OH-Pole 1 1.523
UG 0 024

25
Scores for other designs can be judged by reference to these scores.26

27
The model lets the user choose whether aesthetics is applicable in a scenario (“Include Aesthetics?”) and28
define aesthetics by segments of the line (“Impact on Aesthetics per Mile”).29

30
31
32
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1
2

Model – Criteria - Trees3
4
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Scenar ios:
Trees

Chosen

Scenario:
Trees

5
6
7
8

Trees9
10

This model calculates the “Equivalent Number of Lost Trees” based on the “Number of Trees per11
Mile,” and the “Percent Reduction of Foliage due to Overhead Lines.”12

13
14

Number of Trees per Mile15
16

According to one utility’s report, there are 400,000 trees that need trimming along 9,140 miles of overhead17
lines (SDG&E, 1997).  This averages out to about 40 trees per mile of OH lines.  The user can select from a18
low (30 trees/mile), medium (40 trees/mile) and high (50 trees per mile) scenario.19

20
San Diego Gas and Electric.  Report to the CPUC.  1997.21

22
23

Percent Reduction of Foliage due to Lines24
25

OH lines limit the growth of trees.  However, even without lines, trees would be cut regularly for fire, view,26
and safety reasons.  The user can set the percentage of foliage reduction as a scenario variable from 10%27
(low) to 20% (medium) to 30% (high).  For the new construction scenarios, these reductions are used as a28
penalty for OH lines.  For retrofits, the loss of foliage is considered a sunk cost, and the increase in foliage29
due to retrofits are considered a benefit.30

31
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Model – Criteria – Air Pollution1
2
3
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4
5
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1
Air Pollution2

3
This is a fairly complex model that combines the effects of conservation (“Percent Reduction/Increase of4
Household Electricity Due to Conservation”), tree shading (“Percent Reduction/Increase of Household5
Electricity Due to Shading”), and line losses (“Relative Line Losses by Alternative”) on the “Total6
Increase/Decrease in Required Supply” of electricity.  Current California electricity consumption is about7
219 GWh/year (California Energy Commission, 1997).  To supply this consumption, approximately 2638
GWh/year of electricity need to be produced.  The percent increase/decrease in electricity consumption and the9
relative line losses can be translated into a “Percent Change in Total Electricity Supply.”  This will lead to10
approximately the same percent reduction in production at the fossil fuel power plants (about 56% of all11
California power plants use fossil fuel, see California Energy Commission, 1999).  The model assumes that the12
resulting percentage reduction in the use of fossil fuel plants will lead to the same reduction in pollution13
generated by these plants.  This reduction is then applied to an estimated “Total Annual Cost of Fossil Fuel14
Pollution in California”  to determine an annual and then a “Total Equivalent Change of Pollution Cost”.15

16
California Energy Commission.  1997 California System Power.  Web Site:17
www.energy.ca.gov/electricity/system_power.html., 1999.18

19
20

Percent Reduction/Increase of Household Electricity Due to Shading21
22

The default values are 0 for overhead lines, and 0 (low), -15% (medium), and –20% (high) for undergrounding.23
Negative numbers indicate a decrease in household electricity consumption.24

25
26

Percent Reduction/Increase of Household Electricity Due to Conservation27
28

This reduction/increase depends on the policy alternative.  In most models it is assumed to be 0.  In special29
conservation models, it is assumed to vary between 5% and 20%.30

31
32

Average Household Electricity Use Per Year33
34

Using data provided by the California Energy Commission (1999), we estimate this number to be about 6,00035
kWh.36

37
California Energy Commission.  1997 California System Power.  Web Site:38
www.energy.ca.gov/electricity/system_power.html., 1999.39

40
41

Total Electricity Use per Year in CA42
43

Using data provided by the California Energy Commission (1999), we estimate this number to be about 21944
GWh/year.45

46
California Energy Commission.  1997 California System Power.  Web Site:47
www.energy.ca.gov/electricity/system_power.html., 1999.48

49
50
51
52
53
54
55
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Total Electricity Supply per Year in CA1
2

Using data provided by the California Energy Commission (1999), we estimate this number to be about 2633
GWh/year.4

5
California Energy Commission.  1997 California System Power.  Web Site:6
www.energy.ca.gov/electricity/system_power.html., 1999.7

8
9

Relative Line Loss by Alternative10
11

This is the line loss calculated in W/ft from the sub-model “Power Loss”12
13
14

Number of Homes per Mile15
16

The model counts only the homes directly located near the transmission or distribution lines.  The default17
value is 50 homes on each side of the line for a typical residential segment.  The user can control this input18
for each segment in the  “Design and Assumptions” menu.19

20
21

Percent of Fossil Fuel Capacity in CA22
23

Using data provided by the California Energy Commission (1999), we estimate this number to be about24
56%.25

26
California Energy Commission.  1997 California System Power.  Web Site:27
www.energy.ca.gov/electricity/system_power.html., 1999.28

29
30

Total Annual Cost of Fossil Fuel Power Plant Pollution in CA31
32

It is hard to estimate the cost of air pollution from fossil fuel power plants.  An upper bound might be the33
cost to eliminate air pollution from fossil fuel power plants.  One study in the eighties (Owen et al., 1983)34
estimated this cost as $10 billion in capital cost and $ 2 billion in annual cost for the nation.  Taking ten35
percent of these estimates to account for California and annualizing the capital cost, the model uses three36
scenario values of $500 million (low), $750 million (medium), and $1 billion (high).37

38
Owen, M.L., Jarvis, J.B., and Behrens, G.P.  Boiler radionuclide emissions control: The feasibility and cost39
of controlling coal-fired boiler particulate emissions.  Technical Report, Radian Corporation, Austin, texas,40
1983.41

42
43
44
45
46
47
48
49
50
51
52



70

1
Model – Criteria – Noise and Disruption2

3
4
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5
6

Noise and Disruption7
8

The noise and disruption model calculates the “Number of Disrupted Person-Days (Total)” due to9
construction.  A key input is the “Number of Days to Build One Mile of Line (Construction).”  The low,10
medium, and high estimates were obtained from William Gray, a consultant to Decision Insights, Inc.11

12
Other inputs are the “Number of Homes per Mile” and the “Average Household Size .”   With these13
inputs one can calculate the “Number of Disrupted Person-Days per Mile” and, by multiplying this with14
the number of miles of construction, the “Number of Disrupted Person-Days (Total).”15

16
17

Number of Days to Build One Mile of Line (Construction)18
19

The following estimates were provided by William Gray, consultant to Decision Insights, Inc.:20
21

Overhead transmission – pole: 2 (low), 3 (medium), 4 (high)22
Overhead transmission – tower: 5 (low), 6 (medium), 7 (high)23
Overhead distribution – pole: 3 (low), 4 (medium), 5 (high)24
Underground transmission: 30 (low), 70 (medium), 100 (high)25
Underground distribution: 3 (low), 4 (medium), 5 (high)26

27
William Gray, personal communication, 1998, 1999.28



71

1
Number of Homes per Mile2

3
This is a user determined input (see “Design and Assumptions”).  In many models, we use a row of single4
family houses at both sides of the line, with a 50 foot frontage.  Allowing for streets, open space, and5
occasionally wider frontages, we use 50 homes per mile on each side of the line, or 100 homes that would6
be affected by construction activities.7

8
9

Average Household Size10
11

The default is 3 members in a household.12
13
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1

Part II: Home Grounding2

3
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Introduction1
2
3

This documentation describes the screens, key user variables, input parameters, and estimates4
for the Analytica models developed as part of the “Power Grid and Land Use  Policy5
Analysis.”  The documentation follows the screen-shots of Analytica.  The documentation6
can also be found in each Analytica model by clicking any node in the model and then7
clicking the question mark button at the top of the Analytica screen.  This part only8
documents the parts of the model that are different from the transmission line and distribution9
line models.  For other parts (e.g., risk ratios, base rates)  the user is referred to part I.10

11
The hardcopy of this documentation is for the “Home-A” Analytica model only.  While the12
documentation is fairly generic and most of the materials apply to all models, some specific13
items will differ between models.14

15
16
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1
2
3

M o d e l

L a n d  U s e  P o l i c y  A n a l y s i s

M o d u l e :  H o m e  G r o u n d i n g

C a s e :  S i n g l e  S t o r y

R e s u l t s

D e t a i l e d

Results
Set t ings

Eq.  Cost :  Major  Cr i ter ia C a l c

This  computer  too l  analyzes the per formance of  var ious opt ions to  mi t igate the impact  o f

 e lect romagnet ic  f ie lds (EMFs) us ing a set  o f  evaluat ion cr i ter ia .   A summary of  the

resul ts  (e i ther  us ing "equiva lent  costs"  or  exposure data)  can be obta ined by c l ick ing on

one of  the three resu l ts  but tons.   More deta i led resu l ts  can be obta ined by

double-c l ick ing on the "Deta i led Resul ts"  but ton.   Var ious defaul t  set t ings can be

changed by double-c l ick ing on the "Set t ings"  but ton.   The actua l  model  can be

accessed by  doub le-c l ick ing on the "Model "  but ton.

Rela t ive Exposure Reduct ion C a l c

Choose:  Scenar io Uti l i t ies

4
5
6
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Settings1
2

E x p o s u r e  -  H a z a r d  A s s u m p t i o n s

T r a d e o f f s

Degree of Certainty: Hazard Edit Table

Probability (Metric) Edit Table

Base Rates Edit Table

Risk  Ratios Edit Table

Equivalent Cost Edit Table

Maximum Risk Ratios Edit Table

3
4
5

In the "Settings" menu, the user can make many changes to the key model parameters related to the6
potential EMF – Health link and tradeoffs.7
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Model1
2

Alternatives Criteria

Design and
Assumptions

Exposure to
EMFs

Tradeoffs

Detailed
Results

Sensitivity
Analyses

3
4

Each Power Grid and Land Use Policy Analysis has the following building blocks:  "Exposure to EMFs,"5
"Alternatives," and "Criteria."  In addition, "Design and Assumptions" and "Tradeoffs" are defined to6
produce "Detailed Results."  The exposure data are imported from a model developed in C++ by Jack7
Adams (see Decision Insights, Inc., 1999).  The "Alternatives" are evaluated on the "Criteria," for example8
on public health risks due to EMF or on total project cost.  To evaluate the alternatives on the criteria,9
models are used, which are sometimes quite complex.  To access the models, the user can double-click on10
the "Criteria" node and continue through the relevant sub-menus.  The "Design and Assumptions" node11
contains a menu of basic inputs that define the mitigation alternatives as well as key parameters that are12
used throughout the model.  The "Tradeoffs" are defined as unit equivalent costs for each criterion.  For13
example the (default) tradeoff for one person-year life lost is $100,000. "Sensitivity Analyses" allow the14
user to vary the degree of certainty of a hazard and the risk ratios used in the model over a wide range to15
show how sensitive the decision is to variations in these parameters.16

17
Decision Insights, Inc.  Power Grid and Land Use Policy Analysis.  DRAFT, April, 199918

19
20
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Detailed Results1
2
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E q .  C o s t :

All Criteria

E q .  C o s t :
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E q .  C o s t :

EMF:  Pub l i c
E q .  C o s t :  C o s t

E q .  C o s t :

Major  Cr i ter ia

3
4

This diagram lets the user examine the results of the model at many different levels, ranging from the5
consequences, expressed in the natural units of the criteria ("Consequences: All Criteria") to various6
equivalent costs of subsets of the criteria and consequences.  For example, the user can take a quick look at7
the "Eq. Cost: Major Criteria," which are public health and direct dollar costs.   The equivalent costs are the8
consequences in their natural units multiplied by the unit equivalent cost defined in "Tradeoffs."9

10
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Model – Design and Assumptions1
2
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3
4

This menu lets the user specify several scenario parameters:5
6

Number of adults in the home (default value: 2)7
Number of children in the home (default value: 2)8
Number of (adult) females in the home (default value: 1)9
Number of seniors (above 65) in the home (default value: 0)10
Loss of life expectancy (adult) (default value: 35)11
Loss of life expectancy (child) (default value: 70)12
Time horizon - the length of time that the family expects to live in the home (default value: 10 years)13
Probability that "Fixing the Neutral" works - Fixing the neutral return is one of the alternatives in this14
model.  If this fix eliminates the field, no additional work is done, otherwise the water pipe is insulated with15
a dielectric coupler. The default value for the probability that fixing the net return works is 0.70.16

17
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Model – Exposure to EMFs1
2
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3
4

This model uses the inputs from the "Settings" menu to calculate the dose response function that is used to5
link exposures to risk.6

7
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Model –- Exposure to EMFs - Exposure1
2
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3
4

This model uses the exposure data obtained from Jack Adam's C+++ exposure model (see Decision5
insights, Inc. 1999) and the time people spend in the home to determine exposures (for different mitigation6
alternatives) and the relative exposure reduction.  The exposure calculations are based on scenarios which7
describe the layout of the home and the location of the water pipe and service drop.8

9
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Model – Sensitivity Analyses1
2
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3
4

This menu lets the user access sensitivity analyses on the "Degree of Certainty: Hazard" and on the "Risk5
Ratios" for different health endpoints and different target variables.  Other sensitive parameters like the6
"Probability (Metric)" or the "Maximum Risk Ratios" can be varied as well in this menu.7

8
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Model – Criteria1
2

EMF Hea l th

Costs

3
4

The home grounding model only has two decision criteria:5
6

1.  To minimize EMF health risks7
2.  To minimize costs of mitigation8

9
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Model – Criteria – EMF Health1
2
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3
4

The criterion "EMF Health" is divided into 15 sub-criteria.  Key distinctions are the health endpoints5
(leukemia, brain cancer, breast cancer, and Alzheimer's disease), fatal vs. non-fatal health effects for6
cancers, and whether children or adults are affected.  Alzheimer's disease is counted and evaluated as a7
long-term disease, not as a one-time cause of death.  In addition, the user can supply the information for an8
unspecified health endpoint by using the four nodes for fatal and non-fatal "Other Health Effects" for9
children and adults.  The health risk models are very similar across these health endpoints, as illustrated for10
the criterion "Adult Brain Cancer (Fatal)."11

12
13
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Model – Criteria – EMF Health – Adult Brain Cancer (Fatal)1
2
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3
4

This diagram shows how the "Expected Loss of Life Expectancy (Total)" is calculated.  The "Risk Ratios"5
and "Maximum Risk Ratios" are used to create dose-response functions, separately for each health6
endpoint.  This is done as follows.  The user inputs "Risk Ratios" that characterize, separately for each7
health endpoint, the increase in risk at 2mG (or equivalent "medium" exposure for other metrics), assuming8
that EMF is a hazard.  This input defines one point of the dose-response function.  The other point is9
defined by a risk ratio of 1 at zero mG exposure (or 0% exceedances of a threshold).  From this10
information, the model calculates the slope of a linear dose-response function (the intercept being at RR=1,11
Exposure=0).  The user also specifies the "Maximum Risk Ratio," which is defined as the maximum factor12
by which risk can plausibly be increased, if one assumes that EMF is a hazard.  This input provides an13
upper limit for the risk ratios and defines an exposure, above which the risk ratio is held constant at its14
upper limit.15

16
Using the input from Jack Adams' exposure model, the "Slope of the Dose-Response Function," and the17
"Base Rates" for each health endpoint, the model then calculates "Individual Risk" in terms of annual18
fatality or illness rate.  This individual risk is multiplied by the number of people exposed to determine the19
"Potential Number of Fatal (or Nonfatal) Cancers per Year," separately for Adults and Children, assuming20
that there is a hazard.  The "Expected Number of Fatal (or Nonfatal) Cancers per Year" are then calculated21
by multiplying the "Potential Number of Fatal (or Nonfatal) Cancers per Year" by the "Degree of Certainty:22
Hazard," which specifies the probability that EMF exposure poses a hazard.  In the case of Alzheimer's23
disease, the model considers only the incidence rate and calculates the "Expected Number of Annual24
Alzheimer Cases."25

26
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For fatal cancers, the "Expected Number of Fatal Cancers" are multiplied with the average "Loss of Life1
Expectancy" to determine an "Expected Annual Loss of Life Expectancy."  This annual loss is multiplied2
by the time horizon of the model (default: 10 years) to calculate the "Expected Loss of Life Expectancy3
(Total)".4
For nonfatal cancers, the "Expected Number of Non-Fatal Cancers Per Year" are multiplied by the time5
horizon of the model (default: 10 years) to calculate the "Expected Number of Nonfatal Cancers (Total)."6
Alzheimer's disease is treated like a non-fatal cancer.7

8
9
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Model – Criteria - Costs1
2

Cost  o f

Mit igat ion

Cost  o f

Alternatives

3
4

This menu lets the user edit the costs of the following alternatives.  The default values were adapted from5
von Winterfeldt and Trauger (1996).6

7
1. Fixing the net return (default value: $105)8
2. Fixing the net return, then insulating the water pipe (default value: $315)9
3. Insulating the water pipe (default value: $210)10
4. Changing the living arrangements (default value: $50)11

12
Von Winterfeldt, D. and Trauger, T.  Managing electromagnetic fields from residential electrode grounding13
systems.  Bioelectromagnetics, 17, 71-84.14

15



87

 Model - Tradeoffs1
2

Equivalent
C o s t

(All Criteria)

Equivalent
C o s t

3
4

Equivalent cost tradeoffs are defined for units of all criteria in the model, in order to make the5
consequences on different criteria commensurable.6

7
The literature on the value of life and injuries was used to define default values (see, for example, Jones-8
Lee, 1976; Thaler and Rosen, 1975; Howard, 1980; Viscusi, 1992, 1993; Tengs, 1995).  In addition, a9
recent interview with five national researchers familiar with the risk tradeoff literature (Keeney and von10
Winterfeldt, 1997) was used to calibrate the tradeoffs.  Other values were estimated based on common11
sense reasoning.  The default values are:12

13
One Year of Life-Expectancy Lost: $100,00014
One Non-Fatal Cancer (Adult): $300,00015
One Non-Fatal Cancer (Child): $500,00016
One Alzheimer's Disease: $200,00017

18
Jones-Lee, M.W. The value of life: An economic analysis.  Chicago: Chicago University Press, 1976.19

20
Howard, R.  On making life and death decisions.  In R.C. Schwing and W.R. Alberts (eds.) Societal risk21
assessment.  New York, Plenum Press, 1980, 89-106.22

23
Tengs, T., et al. Five hundred life-savings intervention and their cost-effectiveness.  Risk Analysis, 15, 3,24
1995, 369-390.25

26
Thaler, R. and Rosen, S.  The value of saving a life: Evidence from the labor market.  In Terleckyi, N.E.27
(ed.) Household production and consumption.  New York: Columbia University Press, 1975, 265-298.28

29
Viscusi, W,K.  Fatal tradeoffs.  New York: Oxford University Press, 1992.30

31
Viscusi, W.K.  The value of risks to life and health.  Journal of Economic Literature, 312, 1993, 1912-32
1946.33

34
Keeney, R.L. and von Winterfeldt, D.  Value tradeoffs for the Hanford tank waste remediation system35
program.  Report No. PNNL-11724, UC-630.  Ricjland, WA: Pacific Northwest National Laboratory, 1997.36

37
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Model – Alternatives1
2
3

The following alternatives are considered:4
5

1. Base case (do nothing)6
2. Insert dielectric coupler into the water pipe7
3. Fix neutral - if it works, stop; if it does not work, insert a dielectric coupler into the water pipe8
5. Change living arrangements9

10


